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REMOVAL  OF  COLOR,  ORGANISMS,  AND  ODOR  FROM 
WATER. 

i;V   n.   W.   CLARK,   CHEMIST  OF  THE  MASSACHUSETTS  STATE  BOARD  OF 
HEALTH. 

[Read  September  ]],  I'jirj.] 

A  veiy  large  amount  of  work  has  been  done  in  this  country  during- 
the  last  ten  or  twelve  3'ears,  investigating  the  purification  of  water 
by  sand  filtration.  A  large  part  of  this  work  has  been  directed 
to  the  study  of  etficient  methods  of  removing  bacteria  from  water, 
although  in  some  instances  the  removal  of  clay,  silt,  etc.,  causing 
the  water  to  have  an  objectionable  turbidity,  has  been  studied  in 
connection  with  bacterial  purification.  It  is  ray  purpose  in  the  pres- 
ent paper  to  describe  briefly  sonle  filtration  experiments,  the  main 
object  of  which  was  the  removal  from  water  of  coloring  matter, 
odors,  and  the  organisms  producing  odors. 

COLOR.      . 

In  all  the  experiments  at  the  Lawrence  Experiment  Station  of  the 
State  Board  of  Health  upon  the  purification  of  water,  the  colors  of 
the  water  applied  to  and  of  the  effluents  from  the  sand  filters  in  opera- 
tion there  have  been  recorded.  This  color  determination  during  the 
past  twelve  years  has  been  made  with  Hazen's  platinum,  standard. 

The  two  largest  experimental  water  filters  at  Lawrence,  and  the 
two  that  have  been  operated  for  the  longest  period,  are  known  as 
Filters  Nos.  3B  and  8A.  They  were  started  in  1893,  and  con- 
tained at  that  time  5  feet  in  depth  of  sand,  of  an  effective  size  of 
0.24  millimeter.  At  the  end  of  1900  their  depth  was  approximately 
one  half  as  great  as  at  the  beginning  of  their  operation.  The  aver- 
age rate  of  filtration  for  the  entire  period  of  Filter  No.  SB  was  about 
2  500  000   gallons   per  acre    per   day,   and    that  of    Filter  No.   8A 
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about  3  000  000  gallons  per  acre  per  day,  although  the  rates  varied 
considerably  during  the  seven  years.  Both  filters  removed  approxi- 
mately 33  per  cent,  of  the  coloring  matter  in  the  water  applied  to 
them,  although  then*  efficiency  varied  considerably  during  different 
years  and  different  periods  of  the  same  3'ear. 

Up  to  the  year  1899  nearly  all  the  work  upon  color  removal  at 
Lawrence  had  been  simply  incidental  to  other  work  and  had  been 
carried  on  with  Merrimac  River  water  only,  from  which,  as  I  have 
stated,  practically  33  per  cent,  of  the  coloring  matter  can,  on  an 
average,  be  removed  by  sand  filtration.  During  1899,  however, 
some  further  experiments  were  begun.  A  large  tank,  holding  some 
8  000  or  9  000  gallons,  was  filled  with  the  river  water,  and  the  color 
of  this  water  was  increased  and  varied  by  adding  to  it  decaying 
vegetation  of  different  kinds  and  in  different  amounts,  as  much  water 
being  run  into  the  tank  each  day  as  was  drawn  from  it  for  our  filters. 
This  work  was  of  only  slight  importance  during  1899,  but  was  con- 
tinued during  1900  and  1901,  and  the  water  in  the  colored  water  tank 
passed  through  many  different  phases  during  these  years.  Its  color 
was  increased,  until  during  considerable  periods  it  was  several  times 
as  great  as  the  color  of  the  river  water,  and  the  nature  of  the  mate- 
rials added  to  produce  this  color  caused  the  water  to  be  at  times, 
during  the  warm  weather,  in  a  state  of  fermentation,  while  at  other 
times  it  was  in  a  condition  of  equilibrium  ;  that  is,  it  would  hold 
Oxygen  in  solution  instead  of  immediately  using  it. 

A  number  of  sand  filters  were  operated,  to  which  this  highly 
colored  water  was  applied,  several  of  these  filters  receiving  the 
water  without  preliminary  treatment  with  chemicals,  etc.,  while  the 
water  applied  to  others  was  first  treated  with  chemicals  of  different 
kinds.  By  sand  filtration  alone  we  removed  from  60  to  80  per  cent, 
of  the  color  of  the  applied  water,  month  by  month,  when  filtering  at 
rates  of  from  1  000  000  to  2  500  000  gallons  per  acre  per  day,  or  an 
amount  two  and  one-half  times  as  great  as  is  ordinarily  removed 
from  the  Merrimac  River  water  by  filtration.  It  was  quite  notice- 
able, moreover,  that  the  coloring  matter  in  the  water  was  more  easily 
removed  when  the  water  obtained  its  color  from  old  and  decaying 
organic  matter  than  when  the  color  in  the  water  was  taken  from 
fresher  organic  matter.  It  was  also  noticeable  that  the  more  active 
the  state  of  fermentation  in  the  tank  containing  the  colored  water,  — 
that  is,  the  more  nearly  the  dissolved  oxygen  was  exhausted,  —the 
more  completely  could  this  water  be  decolorized  by  sand  filtration, 


if  enough  oxygen  was  introduced  by  aeiation  before  filtration  lo  last 
while  the  water  was  passing  through  the  filter  ;  that  is,  it  was  appar- 
ent that  the  intensity  of  the  bacterial  action  in  the  tank  of  colored 
water  had  considerable  to  do  in  decreasing  the  amount  of  work  to 
be  performed  by  the  bacteria  in  the  filter. 

These  filters  receiving  Merrimac  River  water  rendered  highly 
colored  by  infusions  of  peat,  hay,  etc.,  not  only  removed  a  very 
much  larger  percentage  of  the  coloring  matter  of  the  water  than  did 
the  filters  operated  during  the  same  period  with  untreated  river 
water,  but  in  many  instances  the  color  left  in  the  water  was  less 
than  the  amount  left  in  the  ettluents  of  the  filters  receiving  river 
water.  This  seemed  to  indicate  that  not  only  the  coloring  matter 
added  to  the  Merrimac  River  water  by  the  decaying  organic  matter 
in  the  tank,  but  also  the  coloring  matter  primarily  in  that  water  when 
passing  into  the  tank,  was  more  easily  acted  upon  and  removed  b}^ 
filtration,  after  undergoing  the  fermentation  active  in  the  tank  water 
during  warm  weather. 

By  the  addition  of  alum  or  ferric  chloride  to  the  water,  followed 
by  filtration,  practically  all  the  coloring  matter  was  removed,  but 
it  was  necessary  in  some  instances  to  add  lime  in  order  to  aid  in 
decomposing  the  amount  of  alum  necessary  to  remove  the  coloring 
matter  ;  that  is,  the  alkalinity  of  the  water  was  not  sufficient.  Various 
other  chemical  treatments  were  experimented  with,  especially  potas- 
sium permanganate,  this  salt  giving  at  times  excellent  results,  but  at 
others  its  entire  reduction  and  precipitation  were  attended  with  con- 
siderable difficulty.  When  this  occurred  the  color  of  the  filtered 
veater  was  increased  instead  of  diminished. 

Beginning  in  December,  1900,  and  extending  until  the  end  of 
January,  1902,  a  period  of  slightly  more  than  thirteen  months,  experi- 
ments were  carried  on  upon  the  removal  of  color,  odor,  and  organ- 
isms from  the  Ludlow  Reservoir  water  and  the  water  from  the  canal 
which  enters  this  reservoir.  The  reservoir  and  canal  water  are  the  chief 
supplies  of  the  city  of  Springfield,  in  this  state.  This  investigation  was 
the  joint  work  of  the  city  of  Springfield  and  the  State  Board  of 
Health,  and  the  method  of  experiment,  the  number  and  variety  of 
filters,  and  the  laboratory  work  were  under  my  charge. 

Ludlow  Reservoir  has  an  area  of  445  acres,  with  an  average  depth 
of  13.7  feet,  and  its  bottom  is  largely  covered  with  a  deposit  of  mud 
of  considerable  depth.  The  water  from  this  reservoir  has  often  caused 
considerable  trouble  to  the  city  of  Springfield,  as  enormous  number 
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of  microscopical  organisms  grow  in  it  during  the  summer  and  impart 
tastes  and  odors  to  its  waters.  In  this  reservoir  we  seem  to  have  on 
a  large  scale  conditions  somewhat  similar  to  those  prevailing  in  our 
tank  of  water  at  the  experiment  station  just  described,  where  mud, 
peat,  decaying  wood,  etc.,  were  used  to  add  color  and  organic  mat- 
ter to  water  for  experimental  filtration.  In  the  reservoir,  with  its 
muddy  bottom,  its  decaying  tree  stumps,  etc.,  there  is  in  the  warm 
weather  not  only  a  growth  of  anabaena  and  other  organisms,  but 
also  a  decided  increase  in  the  color  of  the  water,  and  practically  all 
of  this  coloring  matter  is  in  solution. 

The  average  color  of  the  water  in  the  reservoir  during  the  first  six 
mouths  of  the  year  of  investigation  was  about  .40.  During  the  last 
part  of  July  it  increased  rapidly,  and  during  August  the  average 
color  was  .64,  varying  on  different  days  and  reaching  as  high  a 
point  as  .86.  During  September  the  average  color  w:is  .57,  and 
during  the  remaining  months  of  the  year  about  half  of  this. 

There  were  eight  filters  receiving  this  water,  the  principal 
ones  being  known  as  Filter  A-B,  Filter  C,  and  Filter  G.  These 
filters  each  contained  five  feet  in  depth  of  sand  of  an  effective 
size  of  0.28  millimeter,  and  with  a  uniformity  coefficient  of  3.2. 
Filter  A-B  was  operated  at  a  rate  slightly  greater  than  2  .500  000 
gallons  per  acre  daily.  Filter  C  at  a  rate  of  5  000  000  gallons  per 
acre  daily,  and  Filter  G  received  the  effluent  of  Filter  A-B  at  a 
rate  of  10  000  000  gallons  per  acre  daily. 

Filter  A-B,  operating 'at  a  2^  million  rate,  removed  during  the 
first  three  months  of  the  year,  when  the  water  in  the  reservoir  had 
an  average  color  of  .41,  17  per  cent,  of  this  color  ;  during  April, 
May,  and  June  its  efficiency  increased  and  it  removed  32  per  cent.  ; 
during  July,  August,  and  September,  when  the  color  of  the  reservoir 
water  was  high,  it  removed  63  per  cent.  ;  and  during  tlie  remainder 
of  -the  year  40  per  cent.  That  is,  during  the  four  months  of  the 
year  when  the  reservoir  water  had  the  highest  color,  the  effluent 
of  this  filter  averaged  as  low  or  lower  in  color  than  during  the 
months  of  the  year  when  the  reservoir  water  had  the  least  color. 
The  result  was  due  to  a  number  of  causes  :  The  increased  tempera- 
ture enlivened  bacterial  oxidation  in  the  filter,  which  caused  a  con- 
siderable increase  in  color  removal ;  the  color  removal  was  large  also 
because  of  tlie  nature  of  the  coloring  matter  in  the  reservoir  water, 
which  was  absorbed  from  the  decaying  organic  matter  during  the 
period  of  fermentation,  so   to   speak,  in  the  reservoir ;    that   is,  a 


combiuatiou  of  high  tempei"ature,  scarcity  of  free  oxygen  in  the  water, 
and  undoubtedly  its  entire  absence  in  some  places,  together  with  a 
bacterial  activity  which  rendered  this  organic  coloring  matter  easily 
oxidized  in  the  filters,  all  helped  in  giving  good  color  removal. 

The  filter  receiving  the  water  at  a  rate  of  5  000  000  gallons  per 
acre  daily  removed  nearly  as  high  a  percentage  of  coloring  matter  as 
the  one  just  described,  operating  at  half  that  rate. 

Filter  G,  receiving  the  effluent  of  Filter  A-B  and  operating  at  a 
rate  of  10  000  000  gallons  per  acre  daUy,  removed  about  30  per  cent, 
of  the  color  of  the  applied  water  ;  that  is,  during  the  five  months 
of  the  year  when  the  color  of  the  reservoir  water  was  highest,  aver- 
aging during  two  of  these  months  .Qi  and  .57,  and  during  many 
days  and  weeks  of  this  period  being  even  higher  in  color,  the  color 
removal  by  sand  filtration  at  rates  of  2  500  000  and  5  000  000 
gallons  per  acre  daily  was  Go  per  cent,  and  by  double  filtration  75 
per  cent.,  giving  a  final  effiuent  with  a  color  of  .13. 

Filters  of  the  same  construction  as  these  already  described  were 
operated  with  the  water  of  the  canal  which  enters  the  reservoir. 
This  water,  although  largely  from  swampy  sources,  apparently  con- 
tained organic  matter  in  a  more  stable  condition  than  that  in  the 
reservoir  water.  During  several  months  of  the  year,  however,  ap- 
proximately 50  per  cent,  of  the  coloring  matter  of  this  water  was 
removed  by  the  filters  :  that  is  to  say.  sand  filtration,  unaided  by 
chemicals,  both  at  Lawrence  and  at  Springfield,  removed  approxi- 
mately 75  per  cent,  of  the  coloring  matter  from  highly  colored 
waters  when  this  organic  coloring  matter  was  taken  from  decaying 
vegetable  matter  and  when  it  was  in  a  state  of  unstable  equilibrium, 
so  to  speak.  "With  the  organic  matter  in  water  in  a  more  stable 
condition,  however,  as  is  the  case  in  the  Merrimac  River  water  when 
it  is  the  most  highly  colored,  only  from  20  to  35  per  cent,  of  the  color- 
ing matter  can  be  removed  by  sand  filtration. 

REMOVAL    OF    ODOK. 

The  odors  of  the  waters  which  we  have  experimented  with  have 
been  caused  either  by  the  absorption  of  the  characteristic  odor  of 
growing  vegetation,  or  by  the  decay  of  vegetation,  or  have  been 
imparted  to  the  water  by  the  life  and  death  of  microscopic  organisms. 
The  odors  present  in  the  Merrimac  River,  which  is  at  the  present  time 
badly  polluted  by  domestic  and  manufactural  sewage,  are  easily 
jeraoved  by  sand  filters  when  operated  at  a  very   high  rate.     The 
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filters  operated  at  Lawrence  during  the  past  three  years,  receiv- 
ing water  treated  with  vegetable  matter  in  order  to  increase  its 
color,  etc.,  have  almost  universally  removed  all  the  odors,  often 
strong,  imparted  to  this  water  by  the  decaying  matter  which  we 
have  placed  in  it. 

In  the  Lawrence  experiments  we  undertook  to  cause  the  growth  of 
organisms  in  our  colored  water  supply  tank,  but  the  only  one  which 
appeared  there  in  any  numbers,  and  which  causes  odors  in  water,  was 
asteriouella.  The  odor  caused  by  this  organism  appeared  to  be 
quite  prominent  at  times  in  this  water,  and  the  filters  invariably 
removed  a  very  large  percentage  of  it.  Ludlow  Reservoir  water, 
however,  is  one  which  at  times,  for  many  years,  has  caused  serious 
trouble  to  its  consumers  because  of  the  growth  within  it  of  anaba?na, 
ux'oglena,  etc.,  and  this  was  the  case  during  a  considerable  portion 
of  the  period  of  investigation  at  Ludlow. 

We  made  daily  microscopical  examinations  of  this  water  from  the 
beginning  of  February,  1901,  until  the  end  of  January,  1902,  and 
the  water  passed  through  many  phases  of  microscopical  growths  in 
this  period.  During  February  the  numbers  of  organisms  present 
upon  different  days  varied  from  200  to  nearly  900  per  cubic  centi- 
meter, and  dinobryon  was  present  in  considerable  numbers.  During 
March  the  daily  number  of  organisms  varied  from  436  to  3  700  per 
cubic  centimeter,  being  about  equally  divided  between  asterionella, 
dinobryon,  and  zoospores.  During  April  the  number  of  organisms 
was  considerably  less,  the  highest  number  present  being  656  per 
cubic  centimeter,  the  larger  number  of  these  being  asterionella. 
During  the  first  part  of  May  the  condition  of  the  water  was  about 
the  same  in  this  respect  as  during  April,  but  beginning  May  13  the 
number  of  asterionella  present  began  to  increase  very  rapidly,  and 
large  numbers  were  found  from  that  date  until  June  18,  the  greatest 
number  being  found  during  the  last  week  of  May,  when  nearly  8  000 
asterionella  per  cubic  centimeter  were  present.  During  this  month 
synura  and  uroglena  were  also  found  several  times.  From  the  last 
part  of  June  until  the  middle  of  July  but  few  organisms  were  present 
in  the  water,  but  beginning  July  12  anabtena  began  to  be  found, 
and  it  increased  rapidly  in  numbers  until  it  reached  a  maximum  of 
5  600  per  cubic  centimeter  upon  August  7,  very  few  other  organisms 
being  found  at  this  time  except  a  few  asterionella.  From  August  8 
until  August  16  anab{«na  was  only  once  found  in  numbers  greater 
than  2  000  per  cubic  centimeter,  but  beginning  on  the  latter  date 
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there  was  a  period  of  a  few  days  when  imich  larger  numbers  were 
present,  the  greatest  number  on  any  day  being  about  11  000  per 
cubic  centimeter.  From  this  time  it  was  uniformly  present  in  the 
water  in  comparatively  large  numbers  until  the  middle  of  September, 
when  it  grew  rapidly  less,  and  practically  disappeared  from  the 
reservoir  by  September  25. 

The  odor  of  the  reservoir  water  followed  to  a  large  extent  its 
microscopic  condition.  During  the  first  part  of  1901  the  odor  was 
only  very  faint,  and  was  designated  as  vegetable.  Through  the  last 
part  of  February  and  lasting  until  about  the  first  week  in  April,  the 
odor  of  dinobryon  was  noted  frequently  in  the  water,  and  during 
April  and  a  portion  of  May  the  aromatic  odor  due  to  asterionella 
was  detected,  especially  when  the  water  was  heated.  During  .Tune 
the  odor  of  the  water  was  designated  as  either  fishy  or  aromatic  when 
cold,  and  decidedly  grassy  when  heated.  At  the  beginning  of  July 
the  grassy  odor  due  to  anabivna  began  to  be  very  prominent,  and 
this  odor  increased  very  materially,  until  the  water  had  an  exceed- 
ingly strong,  disagreeable,  grassy  odor,  due  to  anabix?ua,  both  when 
cold  and  w^hen  heated,  and  this  condition  lasted  for  two  months, 
that  is,  until  the  24th  of  September,  the  strongest  odors  occurring 
from  about  the  20th  of  July  until  the  end  of  August.  During 
this  period  the  odor,  not  only  of  the  water  but  at  times  of  the 
air  around  the  experiment  station,  was  very  strong,  and  the  growth 
of  anabaena  in  the  reservoir  formed  a  thick  layer  along  one  shore, 
reaching  out  40  or  50  feet  into  the  water. 

Filter  A-B  and  Filter  C,  receiving  this  reservoir  water  at  the  rates 
of  2  500  000  and  5  000  000  gallons  per  acre  per  day,  as  already 
stated,  removed  practically  all  the  odor  of  the  applied  water  until 
the  middle  of  July  ;  that  is  to  say,  none  of  the  fishy  odors  that 
might  have  been  expected  owing  to  the  presence  of  large  numbers  of 
dinobryon  in  the  reservoir  water,  and  only  a  very  slight  trace  of  the 
aromatic  odor  due  to  asterionella  in  the  reservoir  water,  were  noted 
during  the  early  months  of  experiment.  During  the  period  when 
anabffina  was  present  in  the  v\ater,  however,  and  the  water  had  a 
very  strong  odor  on  this  account,  this  odor  persisted  in  the  water 
during  its  passage  through  the  filter,  and  was  present  in  the  effluent 
of  each  of  these  filters,  but  to  a  considerably  less  degree  than  in 
the  reservoir  water.  Filter  G,  however,  to  which  the  effluent  of  Fil- 
ter A-B  was  applied  at  a  rate  of  10  000  000  gallons  per  acre  per 
day,  was  operated  throughout  this  period  of  strong  odors  and  pro- 
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duced  an  effluent  entirely  odorless,  except  at  times  when  just  collected 
from  the  outlet  pipe  of  the  filter ;  the  odor  at  that  time  being  so  faint 
that  its  character  could  not  be  determined  easily,  and  not  having  at 
all  the  odor  of  the  anabiiena  in  the  applied  water. 

Filter  C  removed  all  organisms  from  the  reservoir  water,  although 
Filter  A-B  for  several  weeks,  beginning  August  21,  allowed  anaba^na 
to  pass  through  ;  this  evidently  being  due  to  some  untoward  disturb- 
ance of  the  surface  sand  of  the  filter. 

The  effluent  of  Filter  G,  receiving  the  effluent  of  Filter  A-B,  was 
free  from  organisms  througliout  its  period  of  operation.  By  double 
filtration  of  Ludlow  Reservoir  water,  even  when  containing  an  enor- 
mous number  of  organisms  which  produce  odors,  and  having  the 
characteristic  odor  of  these  organisms  to  an  exceedingly  marked 
degree,  we  removed  not  only  all  the  organisms,  but  all  the  odors 
produced  by  them ;  that  is,  practically  all  odors  caused  by  the 
enormous  growths  of  asterionella  and  dinobryon  in  the  reservoir 
water  were  removed  by  single  filtration,  and  by  double  filtration  all 
odors  due  to  an  enormous  growth  of  anabaeua  were  removed. 

During  the  present  year  I  have  had  a  slight  experience  with  filtra- 
tion of  a  water  containing  large  numbers  of  uroglena,  and  I  am  confi- 
dent that  this  odor,  even  when  very  marked,  can  also  be  removed 
by  sand  filtration. 

The  water  in  the  canal  entering  Ludlow  Reservoir  during  this 
period  had  a  very  much  smaller  number  of  organisms  than  did  the 
reservoir  water,  the  odor  of  the  water  was  very  much  less  marked, 
and  the  filters  receiving  this  water  removed  practically  all  the  odor 
of  the.  applied  water. 


HAI.L. 


DLTIKS    OF    MUNICIPALITIES    KEGARDINi;    WATER 
SUPPLY. 

r.V    HOX.  J.   O.   HALL,  t^UINCY,   BIASS. 
[Head  Septembej-  /(),  /0'>l\] 

y[emher>i  and  Friends  of  the  N'eic  England  Wider  Works  Associa- 
tion, —  It  may  seem  presuming  in  one  who  has  had  no  opportunity  to 
deal  directly  with  the  real  problems  and  difficulties  which  attend  the 
business  of  securing  water  for  and  distributing  it  to  a  community 
to  present  a  paper  for  the  consideration  of  a  body  of  men  so  practi- 
cal and  experienced  as  this,  and  I  assure  you  I  approach  the  duty 
with  a  great  deal  of  trepidation. 

The  ability  to  secure  an  adequate  and  proper  supjily  of  pure  water 
at  the  lowest  possible  cost  to  a  community  exists  only  in  those  of 
broad  and  varied  attainments,  ripened  hj  extended  and  careful  study. 

The  source  of  supply  having  been  secured,  much  tact  and  constant 
watchfulness  are  required  to  protect  it,  that  its  purity  may  not  be 
contaminated. 

To  properly  and  economically  distribute  the  supply  throughout  the 
community  is  another  and  a  separate  problem,  and  to  so  forecast 
and  plan  this  system  of  distribution  that  it  shalj  meet  the  ever-in- 
creasing needs  of  the  community  with  the  minimum  of  cost  for  the 
substitution  of  larger  waterways  for  those  at  first  provided  requires 
abilities  of  no  mean  order. 

To  watch  the  finances  of  such  a  system  of  supply  and  consump- 
tion, so  that  the  management  and  construction  may  be  economical 
and  efficient,  and  the  revenue  religiously  and  satisfactorily  collected, 
requires  faithful  and  conscientious  service  not  exceeded  by  any  de- 
partment of  the  public  business. 

In  view  of  the  ability  required  for  the  efficient  care  and  adminis- 
tration of  a  system  of  water  supply,  which  ability  is  so  strongly 
shown  by  the  members  of  this  Association,  do  you  wonder  that  I 
hesitate  in  offering  a  paper  for  your  consideration? 

There  are,  however,  so  many  sides  to  the  purposes  and  projects, 
to  the  [duties  and  responsibilities  of  this  special  department  of  the 
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public  service,  that  possibly  I  may  be  able  to  add  something  of  inter- 
est or  profit  to  the  exercises  of  the  passing  hour.  In  a  certain  sense 
I  may  stand  in  the  attitude  of  a  theorist,  not  having  been  engaged 
intimately  in  handling  the  duties  and  difficulties  which  daily  confront 
you,  but  the  relations  between  the  theorist  and  the  practicalist  may 
be  strongly  marked  and  yet  both  may  exist  in  one  person.  There  is 
the  speculative  theorist  who  is  forever  at  work  upon  problems  of 
research  either  in  science  or  in  sociology,  and  who  is  continually 
striking  out  the  sparks  which  kindle  in  the  brain  of  the  practicalist 
those  fires  which  give  great  results  for  the  welfare  and  for  the  ad- 
vancement of  the  human  family.  The  theorist  dwells  in  a  different 
atmosphere  from  and  is  often  tiie  object  of  the  strongest  disapproval 
of  the  practicalist,  yet  both  are  needed  and  both  have  been  equally 
the  benefactors  of  the  race. 

The  practicalist  reaches  the  accomplishment  of  his  purpose  by 
feeling  his  way  along  step  by  step  in  action,  while  the  practical  theo- 
rist goes  straight  to  his  point  by  a  way  well  thought  out  from  the 
l)eginning,  and  by  methods  previously  provided  overcomes  the  diffi- 
culties which  have  been  seen  from  that  beginning. 

Of  all  the  many  and  varied  lines  involved  in  ministering  to  the 
needs  and  to  the  welfare  of  a  community,  none  exceeds  in  importance 
that  of  furnishing  an  ample  supply  of  pure  water,  and  none  demands 
more  strongly  the  attention  of  the  practical  theorist.  It  may  be 
claimed  that  water  is  a  dry  subject,  but  I  do  not  think  it  so.  We  hear 
all  sorts  of  ridicule  regarding  its  value  and  uses,  and  its  unpopularity 
except  for  the  purposes  of  the  toilet  and  the  laundry,  and  many 
maintain  that  a  little  of  it  mixed  with  something  of  a  stronger  nature 
is  the  only  reason  for  its  existence.  Notwithstanding  all  this,  how- 
.ever,  a  water  supply  has  been  from  time  immemorial  a  subject  for 
thought  and  careful  preparation. 

The  patriarch  built  his  well  and  carefully  guarded  its  treasures  and 
its  surroundings,  allowing  only  his  family  or  his  tribe  or  some  favored 
ones,  for  generation  after  generation,  to  partake  of  its  Avaters.  His 
well  was  an  important  part  of  his  wealth,  for  much,  if  not  all,  of  his 
prosperity  depended  upon  it ;  and  if  such  a  well  proved  to  be  of  con- 
siderable importance,  by  reason  of  the  quantity  or  quality  of  the 
water,  it  bore  his  name  for  centuries.  As  families  and  tribes  grew 
to  cities  and  nations,  the  well  gave  place  to  aqueducts,  and  the  springs 
and  rivers  of  the  mountains  were  brought  to  the  dwellers  in  the 
deserts. 
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As  there  is  nothing  new  under  the  snu,  so  do  we  find  to-diiy  the 
well  giving  place  to  the  pond  and  the  lake,  the  pump  giving  place  to 
the  faucet  in  the  sink,  and  the  vast  and  beautiful  Metropolitan  Water 
System  of  to-day  supplying  our  needy  ones  with  this  essential  ele- 
ment for  the  health  and  happiness  of  mankind. 

The  governments  of  communities  find  that  they  stand  in  a  some- 
what different  position  in  the  business  of  furnishing  water  to  the 
citizens  than  they  do  in  the  details  of  other  public  utilities. 

A  city  or  town  must  keep  its  streets  safe  for  travel  and  its  ways  in 
condition  to  allow  its  citizens  to  pass  day  or  night  without  harm. 
Consequently  it  may  even  be  considered  to  be  bound  by  law  to  light 
its  ways  and  roads.  It  is  held  that  a  community  is  not  obliged  by 
law  to  furnish  its  citizens  with  water,  and  therefore  cannot  claim 
to  be  acting  in  the  discharge  of  a  public  function  in  thus  supplying 
said  inhabitants,  but  must  stand  in  the  light  of  a  party  engaged  in 
selling  the  commodity.  Consequently  we  do  not  tax  for  this  as  in 
other  items  of  community  expense. 

For  this  reason,  doubtless,  many  communities  have  hesitated  about 
contracting  liability  for  such  a  supply,  and  individuals  have  thus 
been  inclined  to  see  a  profit  in  considering  this  an  article  of  mer- 
chandise. 

I  believe  that  the  field  for  the  exercise  of  public  utilities  should  be 
confined  to  the  smallest  possible  limits.  While  it  may  not  be  possible 
to  enumerate  such  things  as  municipal  governments  should  consider  as 
being  within  their  province,  and  to  say  that  no  others  should  be 
added  to  the  list,  I  am  firmly  of  the  opinion  that  the  number  of  the 
activities  of  our  communities,  into  which  the  governments  should 
enter  as  participants,  should  be  kept  at  the  lowest  limit,  and  that  any 
attempt  to  enter  new  fields  should  be  permitted  only  after  the  most 
careful  and  rigid  examination. 

I  conscientiously  believe,  however,  that  the  supplying  of  its  citi- 
zens with  an  ample  supply  of  pure  water  is  a  proper  exercise  of  the 
governmental  prerogative,  and  is  a  duty  which  should  be  promptly 
and  willingly  rendered. 

I  believe  it  to  be  the  province  and  the  duty  of  the  government  to 
give  all  of  its  citizens  the  benefits  of  this  supply,  regardless  of  the 
item  of  a  fair  return  of  profit  on  the  expense  of  the  individual  sup- 
ply requested. 

Aside  from  the  convenience  to  the  individual,  the  health  and 
increased  happiness  of  the  citizens  far  outweigh  the  added  cost  to 
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the  community.  The  supply  should  be  all  that  it  is  possible  to  give, 
and  it  should  be  placed  wherever  it  is  desired. 

So  strongly  is  this  opinion  gaining  in  the  minds  of  men  that  the 
governments  of  states  are  taking  upon  themselves  the  duty  of  pro- 
viding this  supply,  and  calling  into  service  the  best  talent  to  be 
obtained  to  see  that  this  supply  is  brought  to  its  highest  state  of 
purity.  This  condition  is  brought  about  partly  by  the  fact  that  an 
adequate  source  of  supply  may  not  exist  within  the  borders  of 
a  community  or  in  a  group  of  communities,  and  partly  because  the 
community  or  group  of  communities  may  be  unable  to  bear  the  heavj^ 
expense  themselves,  and  the  larger  resources  of  the  commonwealth 
must  be  called  upon  to  meet  the  larger  need. 

I  am  firmly  convinced  that  this  is  an  advance  along  the  proper 
lines.  1  do  not  believe  that  the  use  of  water  should  be  restricted, 
either  for  domestic  use  or  in  yard  or  street,  but  that  an  ample  supply 
should  be  provided  and  its  use  encouraged. 

Water  is  an  educator,  and  its  abundance  encourages  a  more  gen- 
eral use.  Cleanliness  is  next  to  godliness,  we  are  told,  and  while 
bodily  purity  is  conducive  to  good  morals,  fresh,  clean  towns  or  cities 
with  green  lawns  and  bright  flowers  and  shrubbery  are  beautiful  and 
restful  to  the  eye  ;  they  are  equally  conducive  to  the  happiness  of 
all, —  the  poor  and  ignorant  alike  with  the  wealthy  and  cultivated, — 
and  are  sure  to  advance  all  to  higher  moral  and  intellectual  con- 
ditions. 

If  communities  were  called  upon  to  furnish  a  water  supply  simply 
for  the  domestic  uses  of  their  inhabitants  the  duty  would  be  quite 
simple,  or  at  least  much  simpler  than  it  is  under  the  present  condi- 
tions, for  aside  from  this  demand  of  the  households  there  must  actually 
be  a  provision  for  the  extinguishment  of  conflagrations  and  almost 
every  community  is  called  upon  to  make  provision  for  a  consid- 
erable supply  for  business  or  manufacturing  purposes.  So  exten- 
sive is  the  consumption  of  water  becoming,  and  so  large  is  the  quan- 
tity required,  that  I  believe  the  use  of  water  as  the  motive  power  in 
manufactures  should  be  discontinued,  excepting,  of  course,  power  re- 
ceived from  flowing  streams. 

For  fire  protection  the  comnmnity  must  provide.  The  demand 
upon  the  water  supply  for  the  extinguishment  of  fires  is  periodic  and, 
except  in  large  cities,  is  not  very  heavy.  The  burden  of  expense  in 
this  regard  is  in  tlje  provision  for  distribution  and  providing  a 
sufficient  force  to  the  stream  to  make  it  of  value  in  the  service. 
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The  matter  of  the  apportionment  of  the  expense  of  constructing, 
maintaining,  and  operating  a  system  of  water  supply  is  a  perplexing 
one,  requiring  careful  thought,  and  for  which  no  general  rule  or 
system  can  be  laid  down,  as  the  nature  and  conditions  vary  so 
widely  in  different  locations.  For  water  for  domestic  and  household 
uses  I  believe  the  charge  to  the  taker  should  be  made  as  light  as 
possible. 

Believing  as  I  do  that  it  is  the  duty  of  the  municipality  to  provide 
its  citizens  with  a  generous  supply  of  pure  water  for  domestic  uses, 
I  hold  that  that  supply  should  be  carried  wherever  it  is  wanted 
without  considering  the  return  which  should  come  to  the  water  plant 
in  the  revenue  to  be  received.  For  irrigation  of  grounds  a  charge 
should  be  made  in  accordance  with  the  amount  which  each  house- 
holder desires  to  use,  but  he  should  be  allowed  to  use  what  he 
wishes,  paying  therefor  a  fairly  estimated  cost  of  the  service. 
For  fire  purposes  the  greater  portion  of  the  expense  should  go 
directly  into  the  tax  rate  of  the  city  or  town,  and  should  not  apply  at 
all  to  the  water  supply.  As  I  have  stated,  the  great  expense  is  in 
the  provision  for  distribution  and  for-  a  sufficient  head,  and  as  re- 
gards the  provision  for  distribution,  all  expense  concerned  in  con- 
necting with  the  main  line  of  pipes  and  setting  of  hydrants  should 
be  a  charge  to  the  fire  department  and  should  be  included  in  the 
items  for  which  the  tax  provides.  All  expense  for  care  and  main- 
tenance of  hydrants  should  be  chargeable  to  the  fire  department. 

I  am  supposing  that  the  municipality  is  furnishing  the  water  in 
what  I  have  said  here.  If  a  private  company  is  furnishing  the 
water  and  establishing  and  maintaining  the  entire  system,  the  charge 
is  to  the  municipal  government,  and  the  proper  distribution  of  that 
expeaise  to  its  several  departments  is  the  duty  of  the  municipal' 
government.  If  the  municipal  government  is  establishing  and' 
maintaining  its  own  system  of  distribution,  the  private  company 
furnishing  the  water  simply,  then  my  first  method  prevails. 

Because  of  the  limitation  by  the  statutes  of  the  amounts  which, 
cities  and  towns  may  raise  by  taxation,  there  is  a  constantly  increas- 
ing practice  among  appropriating  bodies  to  divert  receipts  from  their 
proper  purpose  and  to  throw  burdens  of  expense  upon  departments 
other  than  those  to  which  they  are  properly  chargeable. 

Allow  me  to  say  in  passing  that  this  legislation  is  not  accomplish- 
ing the  purpose  which  was  sought  for,  namely,  the  prevention  of 
excessive  and  unwise  appropriations  by  municipal  governments,  but 
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is  a  constant  source  of  temptation  to  juggle  witli  tlie  appropriations, 
and  after  the  limit  has  been  reached,  after  every  possible  interpreta- 
tion in  appropriations  to  avoid  the  law,  a  resort  is  made  to  borrowing 
on  extended  time. 

I  believe  that  all  limitations  should  be  removed  from  the  statutes 
regarding  municipal  indebtedness,  and  communities  be  permitted  to 
appropriate  whatever  they  wish  to  be  taxed  for,  and  the  large  burden 
of  debt  and  interest  would  be  taken  from  the  hands  of  the  taxpayers. 
The  citizens  would  then  take  care  of  themselves,  for  they  would 
immediately  feel  the  pressure  of  unwise  or  needless  extravagance 
and  at  once  apply  the  needed  remedy. 

On  the  question  whether  or  not  the  public  buildings  and  the  fire 
department  should  return  a  revenue  to  the  water  system  there  are 
differing  opinions,  and  while  there  are  some  reasons  why  it  might 
seem  to  be  the  only  fair  way,  I  am  of  the  opinion  that  this  claim  to 
revenue  should  not  be  too  strongly  dwelt  upon.  A  provision  for  this 
revenue  would  result  in  increasing  the  expense  of  government, 
thereby  accumulating  a  revenue  which  would  be  used  in  additional 
expenditure.  Charging  the  fire  and  municipal  departments  for  water 
used  would  necessitate  increased  appropriations  for  these  depart- 
ments and  would  furnish  an  accumulation  of  money  which  would  be 
a,n  incentive  for  extra  expenditure,  which  in  the  majority  of  cases 
would  be  unnecessary  and  consequently  unwise. 

It  is  impossible  with  our  finite  limitations  to  do  exact  justice  to 
any  system,  and  the  comparatively  small  item  of  revenue  from  these 
sources,  if  demanded,  would,  it  seems  to  me,  work  more  injury  to 
the  citizens  than  the  benefit  to  the  water  system  would  compensate 
for. 

If  we  separate  the  domestic  demand  from  that  for  business  or 
manufacturing  purposes,  we  are  rid  of  the  item  of  water  stealing  to  a 
very,large  extent.  For  the  latter  demand  the  water  meter  should 
most  certainly  be  used,  and  a  separate  supply  for  business  uses 
entirely  beyond  the  control  of  the  party  using  it  should  be  provided. 
For  this  metered  service  the  charge  should  include  every  item  of 
cost  to  which  the  community  has  been  put  in  order  to  bring  the 
supply  to  the  doors  of  the  business  demanding  it.  If  it  is  claimed 
that  as  citizens  of  the  community  they  are  entitled  to  water  privi- 
leges, the  demand  should  be  met  by  providing  for  them  a  supply 
entirely  independent  of  the  business  supply. 

With   the    meter    service,   a  thorough  water    inspection,  and    the 
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business  demand  separated,  the  amount  of  water  stealino-  will  be 
reduced  to  the  minimum. 

As  to  the  question  whether  water  should  be  supplied  by  the  com- 
munities themselves  or  by  i)rivate  individuals  or  companies,  I  think 
what  I  have  said  up  to  this  time  substantially  answers  that  question. 
If  it  is  the  duty  of  the  community  to  provide  water  for  its  citizens, 
then  the  individual,  either  native  or  foreign,  has  no  opportunity  or 
inducement  to  enter  the  field. 

Wherever  there  is  a  large  aggregation  of  people  who  are  not  per- 
manent residents  but  always  temporary  and  constantly  changing, 
there  may  be  a  field  for  private  enterprise  and  capital.  Indeed  it  is 
a  subject  for  inquiry  whether  a  government  of  a  community  would 
have  the  legal  right  to  loan  the  government  credit  for  an  enterprise 
which  should  be  almost  entirely  for  a  foreign  citizenship  and  which 
might  furnish  a  temptation  and  an  opportunity  for  private  aggrand- 
izement. 

For  the  permanent  citizenship  I  believe  it  to  be  the  duty  of  the 
community  to  provide  the  water  needed  for  the  life  of  that  community. 
The  fields  into  which  municipal  governments  should  enter  are  to  my 
mind,  as  I  have  said,  few,  but  I  believe  the  supplying  of  water  to 
be  eminently  the  proper  function  of  government. 

So  far  as  the  cost  to  the  citizen  is  concerned,  it  will  be  larger  in 
the  total  under  municipal  management  than  under  that  of  a  private 
individual  or  company,  but  he  will  get  more  for  his  money  and  a 
more  extended  service,  whether  it  be  a  water  service  or  a  lighting 
service.  This  must  be  the  case,  for  under  municipal  control  he  has 
a  voice,  through  his  representative  in  the  appropriating  body,  in  the 
control  of  the  business,  whereas  in  the  case  of  the  private  company 
he  has  no  claim. 

In  order  that  the  citizen  shall  have  his  water  supplied  at  the  low- 
est possible  cost,  the  duty  is  laid  upon  the  officials  of  the  water  de- 
partment to  make  such  accounting  of  their  administration  as  shall 
show  in  the  most  complete  manner  the  finances  of  the  several  heads 
of  construction,  extension,  maintenance,  operation,  and  control.  The 
incidental  and  preliminary  cost  of  examination  for  a  water  supply, 
with  the  consequent  legislation,  is  an  item  by  itself.  The  construc- 
tion of  dam,  reservoir,  pumping  station,  and  standpipe  should  consti- 
tute another  item,  the  several  individual  parts  showing  in  detail,  and 
the  sum  total  showing  the  cost  of  that  part  of  the  plant.  The  lines 
of   distribution  throughout  the  community  comprise   another  item, 
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and  this  should  show  in  detail  main  lines,  house  connections,  and 
hydrant  connections,  this  latter  item  to  be  returned  to  the  water 
department  from  the  fire  department. 

Your  service  is  now  read}'  for  business,  and  the  sum  total  of  the 
several  items  shows  the  cost  of  the  plant  and  constitutes  the  water 
debt.  To  this  will  be  added  year  by  year  a  further  sum  for  extend- 
ing the  system,  and  your  annual  repoits  should  show  the  entire  cost 
of  the  plant  to  the  close  of  each  year,  the  reduction  of  the  debt 
which  has  matured  up  to  the  close  of  the  year  showing  the  net  water 
debt. 

In  the  operation  of  the  plant  it  is  hardly  possible  to  state  a  line  of  ac- 
counting, because  of  the  great  difference  in  conditions  in  the  different 
communities.  Uniformity  of  accounts  in  the  several  cities  and  towns 
is  wellnigh  impossible,  and  even  similarity  of  accounts  will  be  found 
extremely  difiicult  to  arrange  and  maintain.  Differences  of  charters, 
methods  of  appropriation  entirely  dissimilar,  constitutions  of  govern- 
ing bodies  continually  varying,  —  all  these  conditions  combine  to 
make  the  labor  of  one  superintendent  totally  unlike  that  of  any 
other.  Differences  of  construction  in  machinery,  made  necessary  by 
differing  local  conditions  of  supply  and  of  topography,  and  the  too 
frequent  changes  in  the  officials  in  charge  of  this  department,  still 
further  complicate  matters  and  augment  the  difficulties. 

An  effort  to  obtain  uniformity  of  city  charters  is  not  very  success- 
ful, and  I  think  charters  will  always  differ  quite  materially,  for  the 
reason  that  citizens  of  different  communities  differ  in  opinions,  and 
the  conditions  and  demands  differ  in  each  case. 

Systems  of  management  and  of  accounting  will  always  differ,  be- 
cause no  two  men  are  likely  to  adopt  the  same  method  for  the  solu- 
tion of  difficult  problems,  and  no  two  communities  will  be  willing  to 
adopt  just  the  same  methods  for  conducting  their  community  affairs. 
Hence  systems  of  accounting  and  methods  of  operation  must  be 
instructive  by  inference  rather  than  by  actual  similarity  for  compari- 
son, except  in  very  few  cases.  A  knowledge  of  the  meaning  of 
facts  and  figures  is  the  power  that  makes  tables  and  statistics  of 
value.  All  can  make  figures,  keep  accounts,  and  compile  statistics ; 
not  all  can  read  their  meaning. 

As  the  blood  goes  pulsing  from  the  heart  to  the  very  smallest 
artery  in  the  farthest  extremity  of  the  body,  refreshing,  feeding, 
and  invigorating  every  atom  of  the  bodily  construction,  and  passes 
back  through  small  and  larger  veins  to  the  fountain  reservoir  to  be 
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sent  again  on  its  life-giving  mission,  so  the  water  expense  goes  out 
in  plant  and  the  vast  and  varied  system  of  distribution  through  pub- 
lic building,  fire  protection,  and  the  multitude  of  domestic  demands, 
only  to  come  flowing  back  into  the  treasury  in  the  form  Of  revenue, 
to  be  sent  out  again  over  its  course  of  universal  comfort,  convenience, 
and  blessing. 

The  ceaseless  round  of  nature  and  of  the  life  of  men  is  ever  re- 
peating itself.  Seedtime  and  harvest  never  fail ;  men  sleep  and  rise 
refreshed  only  to  grow  again  weary.  All  the  work  of  nature  is  to 
return  again  and  again  in  a  never-ending  round.  So  communities 
gather  from  their  citizens  moneys  to  be  returned  to  tliem  in  general 
benefits. 

But,  gentlemen,  I  must  not  weary  you  longer.  The  work  in  which 
we  are  engaged  is  full  of  difficulties,  and  many  are  its  discourage- 
ments. In  moments  of  enthusiasm  we  see  the  possibilities,  but  in 
the  practical  everyday  work  of  life  the  clouds  sweep  over  the  scene, 
and  only  an  occasional  glimpse  of  what  might  be  is  all  that  is  left 
to  keep  the  soul  alive  ;  but  when  forms  of  government  and  systems 
of  water  works  shall  have  passed  away  the  soul  of  man .  that  has 
worked  its  problems  for  the  love  of  humanity  and  for  the  uplift  of 
its  powei',  that  has  been  refreshed  after  the  troublesome  problems 
by  visions  of  waste  places  made  to  blossom  as  the  rose,  shall  find  its 
rich  reward  and  pass  onward  from  the  limitations  of  time  into  the 
infinite  possibilities  of  eternity. 

DISCUSSION. 

President  Merrill.  We  are  indebted  to  Mr.  Hall  for  his  inter- 
esting and  valuable  paper,  and  it  is  now  before  the  convention  for 
any  remarks  which  any  gentleman  present  may  wish  to  offer. 

Mr.  Freeman  C.  Coffin.*  The  paper  whichwe  have  just  heard  is 
certainly  a  very  suggestive  one,  and  there  are  some  points  in  it  which 
particularly  appeal  to  me.  The  speaker  noted  that  it  was  desirable 
that  the  use  of  water  should  be  abundant.  I  think  that  we  probably 
all  agree  with  him  in  that,  but  many  people  seem  to  confound  an 
abundant  use  of  water  with  the  unlimited  waste  of  it.  It  is  certainly 
desirable  to  furnish  all  the  water  which  is  actually  needed  for  use 
in  any  legitimate  direction,  but  there  is  a  great  waste  of  water,  and 
the  difference  between  the  use  and  the  waste  should  be  emphasized, 
and  the  fact  that  there  is  a  difference  not  lost  sight  of.     Without 

*  Civil  Engineer,  Boston,  Mass. 
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going  iuto  details  in  relation  to  the  waste  of  water,  it  is  probably  safe 
to  say  that  in  many  cases  the  amount  of  water  wasted  is  a  very  large 
percentage  of  the  whole  amount  of  water  supplied  in  a  town,  even 
in  certain  cases  exceeding  the  legitimate  use  of  water  ;  and  while 
it  is  desirable  to  furnish  an  abundant  supply,  it  is  fully  as  desirable 
at  all  times  to  take  every  measure  which  can  he  taken  to  restrict  the 
waste. 

I  speak  of  this  at  this  time  because  there  is  so  much  said,  not 
among  those  who  are  acquainted  with  this  subject,  but  in  the  papers 
and  in  discussion  of  the  subject  by  others,  in  opposition  to  the  use 
of  meters.  Now,  while  it  is  not  always  desirable  to  use  meters,  still 
it  seems  to  me  that  there  is  no  real  objection  to  their  use,  except, 
perhaps,  under  certain  local  conditions,  where  it  may  not  pay  to  use 
them,  or  something  of  that  kind.  The  use  of  meters  certainly  will 
not  prevent  the  abundant  use  of  water,  under  the  ordinary'  rules  and 
conditions  governing  them. 

The  gentleman  spoke  of  the  apportionment  of  the  expense  of  the 
system  for  different  services,  and  I  should  like  to  say  a  word  on  that 
subject.  There  seem  to  be  two  distinct  forms  of  service  in  a  w^ater 
system.  One  is  the  domestic  service,  including  the  supply  for  manu- 
facturing purposes,  and  the  other  is  the  service  for  extinguishing 
fires.  As  he  well  said,  constructing  a  water  system  so  as  to  make 
it  suitable  and  efficient  for  fire  protection  increases  the  cost  over 
what  it  would  be  if  it  were  simply  for  domestic  purposes.  From  the 
study  I  have  been  able  to  make  of  it  I  have  arrived  at  the  opinion 
that  if  there  were  to  be  a  just  apportionment  of  the  expense,  it  would 
not  be  very  far  out  of  the  way  if  the  fire  service  were  charged  one 
half  and  the  domestic  service  charged  one  half  of  the  total  annual 
expense ;  that  is  to  say,  the  difference  between  constructing  the 
system  for  fire  protection  and  for  domestic  service  combined  would 
be  about  as  much  in  excess  over  a  purely  domestic  service  as  the 
combiiied  system  would  be  over  a  fire  service,  taking  it  in  a  rough- 
and-ready  computation.  Of  course,  local  conditions  would  affect 
that.  The  tendency  seems  to  be  in  municipal  works  to  have  all  of 
the  expenses  finally  charged  to  the  consumer,  that  is,  to  have  the 
revenue  from  consumers  meet  the  whole  annual  expenditure  for  the 
service.  It  seems  to  be  generally  considered  that  that  is  a  good 
business  practice,  but  to  my  mind  it  is  a  question  whether  it  is  or  not. 
It  may  be  wise  in  some  cases,  but  whether  it  is  desirable  and  just 
to  charge  the  consumer,  who  is  not  necessarily  or  not  ahvays  identi- 
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cal  with  the  taxpayer,  a  certain  sum  of  money  which  the  taxpayer 
should  pay  as  an  offset  to  the  benefits  he  receives  from  fire  protection, 
I  do  not  feel  sure. 

There  is  one  point  I  should  like  to  speak  of,  something  I  have  run 
across  a  great  many  times,  and  that  is  the  practice  of  selling  water 
for  motors,  for  purposes  of  power,  at  a  merely  nominal  figure.  In 
my  opinion  it  is  wrong  to  sell  water  for  such  purposes  at  a  less 
figure  than  it  costs  to  supply  it,  but  this  is  done  in  a  great  many 
cases. 

Speaking  of  uniformity  of  accounts,  I  suppose  what  the  speaker 
said  is  true,  but  it  does  seem  desirable  that  there  should  be  a  certain 
uniformity  in  the  way  of  statistics.  This  Association,  it  seems  to 
me,  has  made  a  good  beginning  in  that  direction,  and  it  would  be 
very  desirable  if  all  the  works  could  report  in  conformity  with  our 
form  of  statistics,  thus  enabling  those  who  desire  to  obtain  knowledge 
and  information  in  regard  to  these  matters  to  compare  one  works 
with  another,  or  with  some  standard  which  they  may  have. 

The  President.  Perhaps  Mr.  Baker  can  give  us  something  of 
interest  in  regard  to  that  portion  of  Mr.  Hall's  address  regarding  the 
difficulty  of  obtaining  uniformity  in  municipal  accounts. 

Mr.  M.  N.  Baker.*  Mr.  President,  I  don't  know  that  I  wish  to 
take  up  any  very  great  amount  of  time  just  now  with  that  phase  of 
the  subject,  but  I  can  say  that  while  I  appreciate  most  fully  the  diffi- 
culties involved  as  outlined  in  the  paper,  y^et  I  consider  them  by  no 
means  insurmountable  ;  and  the  matter  of  uniformity  of  accounts  and 
statistics  is  so  very  important  that  I  think  every  attempt  should  be 
made  to  improve  upon  the  present  chaotic  condition,  a  condition  ex- 
isting not  merely  as  regards  a  comparison  of  one  city  with  another, 
but  even  of  the  accounts  of  a  water  department  year  by  year  in  the 
same  city.  I  think  we  all  have  reason  to  be  very  grateful  for  the 
progress  that  is  being  made  and  the  interest  that  is  being  shown  in 
the  movement  for  uniform  accounts  and  statistics,  not  only  in  the 
water-works  departments,  but  in  other  departments  of  municipal 
governments. 

I  should  like  to  say  a  word  on  the  apportionment  of  the  cost  of  the 
service  between  private  and  public  consumers.  There  is  not  the 
need  of  so  much  to  be  said  before  an  assembly  of  water-works  men 
upon  this  subject  that  there  is  of  addressing  ourselves  to  the  news- 
paper editors,  the  politicians,  and  the  general  public.     There  is  a 

*  Associate  Editor,  Engineering  News. 
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continual  clamor  for  reduction  of  rates  to  doraestic  consumers,  but 
of  course  such  reduction  cannot  be  carried  to  any  great  length  with- 
out putting  the  burden  upon  the  general  public.  If  the  burden  is 
to  be  put  upon  the  general  public  at  all,  why  not  charge  the  public 
for  the  water  it  is  using,  and  thus  get  at  the  problem  in  a  scientific 
way? 
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BY    ALLEN    IIAZEN,    CIVIL    ENGINEER,    NEW    YORK,    N.  Y. 

[Head  September  11,  190-j.] 

The  physical  properties  of  water,  about  which  I  shall  speak  to  you 
to-day,  are  those  which  relate  to  its  appearance,  and  which  have 
their  origin  in  the  foreign  matters  which  it  contains. 

The  rivers  of  New  England  impress  one  from  the  West  as  being 
of  surprising  clearness.  The  stones  over  which  the  water  flows  are 
clearly  seen,  and  the  brilliant  transparency  is  a  source  of  constant 
pleasure  to  one  accustomed  to  more  turbid  waters.  In  the  same 
way,  and  for  the  same  reason,  the  public  water  supplies  of  the  New 
England  cities  have  been  more  attractive  in  appearance  than  those 
of  many  other  parts  of  the  country,  and  perhaps  we  have  felt  a 
complacency  in  seeing  the  efforts  of  our  Western  neighbors  to  secure 
waters  equal  in  appearance  to  those  which  come  to  us  almost  with- 
out effort. 

But  as  the  world  develops  conditions  change.  Instead  of  pitying 
those  who  have  to  use  turbid  waters  in  less  favored  conditions.  New 
England  must  now  make  a  determined  effort  to  keep  the  appearance 
of  her  public  water  supplies  even  equal  to  those  of  the  Middle  States. 

The  matter  has  come  about  in  this  way  :  The  waters  of  the  Miss- 
issippi Valley  and  elsewhere  w^ere  discolored  by  clay  and  other  ex- 
tremely divided  matter  washed  from  the  soil,  and  carried  in  suspension 
by  the  water.     The  material  so  carried  is  what  is  known  as  turbidity. 

In  the  smallest  amounts  these  matters  make  the  water  look,  as  if 
it  had  milk  in  it ;  with  larger  amounts,  the  water  appears  muddy, 
and  finally  almost  like  mud.  The  color  of  such  waters,  as  it  is 
commonly  called,  depends  upon  the  color  of  the  particles  comprising 
the  turbidity.  Gray  is  most  common,  but  black  and  red  are  not  un- 
common. The  New  England  waters  are,  in  general,  free  from  this 
kind  of  material.  The  river  and  lake  and  pond  waters,  on  the  other 
hand,  contain  a  yellow^  coloring  matter  which  has  been  extracted 
from  dead  leaves  and  other  vegetable  matter  with  which  they  have 
been  in  contact.     This  coloring  matter  is  similar  to,  or  possibly  iden- 
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tical  with,  the  coloring  matter  of  tea,  and  waters  carrying  it  have 
the  appearance  of  weak  tea.  Some  New  England  surface  waters 
have  more  of  this  matter  than  others.  In  some  it  is  hardly  percept- 
ible, but  it  is  present  in  nearly  all  of  them.  The  term  ''color" 
can  be  applied,  properly,  only  to  this  kind  of  coloring  matter,  and 
should  not  be  used  to  include  the  color  which  arises  from  a  colored 
turbidity. 

Turbidity  may  be  said  to  be  a  stronger  property  of  water  than 
color,  because  it  is  more  conspicuous,  and  because  it  covers  color 
and  renders  it  unimportant ;  this  is  to  say,  if  a  colored  water  is 
made  turbid  by  adding  clay  to  it,  it  becomes  simply  a  turbid  water. 
The  color  no  longer  shows,  and,  in  fact,  if  the  turbidity  is  removed 
by  filtration  or  otherwise,  it  will  usually  be  found  that  the  color  has 
been  removed  also.  This  is  because  the  clay  particles  seem  to  have 
an  aflSnit}'  for  the  color,  and  probably  enter  into  some  loose  chemical 
combination  with  it.  Of  course  a  slight  turbidity  does  not  serve  to 
cover  a  heavy  color  ;  but,  generally  speaking,  with  both  present  the 
turbidity  controls  and  the  color  ceases  to  be  important. 

As  turbidity  is  the  stronger  property,  it  is  commonly  regarded 
as  the  more  objectionable  in  a  public  water  supply  ;  and  so  it  has 
happened  that  the  cities  having  turbid  waters  have  made  the  most 
strenuous  efforts  to  improve  them.  It  is  true  that  the  purification 
of  water  has  been  directed  in  part  to  the  removal  of  the  disease- 
producing  properties  which  are  so  common  in  river  waters,  but  the 
appearance  has  also  been,  always,  or  nearly  always,  an  important 
consideration.  Most  people  will  say  that  to  render  a  water  hygien- 
ically  wholesome  is  more  important  than  to  remove  the  turbidity  ;  but, 
notwiflistanding  this,  up  to  the  present  time  I  believe  that  the  de- 
sire for  clear  water  has  been  a  more  important  factor  in  securing 
water  purification  than  the  desire  for  wholesome  water.  It  is  like 
the  old  case  of  the  man  who  first  consults  his  lawyer  about  his 
property;  afterward,  his  doctor  about  his  body,  and  finally,  if 
there  is  time  left,  his  clergyman  about  his  soul.  The  matter  which 
is  seemingly  least  important  receives  first  and  most  serious  considera- 
tion. It  has  been  much  the  same  with  water.  Many  of  the  cities 
using  turbid  waters  have  introduced  the  settling  basins  and  coagu- 
lants and  filters,  or  as  many  of  them  as  necessary,  and  have  re- 
moved the  turbidity  ;  and  with  the  turbidity,  the  color,  if  present, 
has  usually  disappeared  or  has  been  reduced  to  an  unimportant 
amount. 
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The  cities  still  using  such  waters  raw  are  all  considering  the  ques- 
tion of  purification,  and  within  the  last  five  years  the  question  itself 
has  changed.  It  is  no  longer,  "  Shall  we  filter  our  water?"  It  has 
become  instead,  "How  shall  we  filter  it?  What  means  are  to  be 
adopted?  And  how  shall  we  raise  the  money  to  pay  for  it?"  The 
time  is  not  distant  when  the  cities  that  were  and  are  supplied  with 
turbid  water  will  be  supplied  with  clear  and  generally,  also,  with 
colorless,  or  nearly  colorless,  water. 

The  yellow  waters  of  New  England  were  far  more  attractive  in 
appearance  than  the  turbid  waters  of  the  West ;  but  equally,  the 
turbid  Western  waters  are  far  more  attractive  in  appearance  after 
they  have  been  filtered  than  the  yellow  New  Eugland  waters.  And 
so  it  happens  that  if  New  England  is  to  hold  her  relative  position, 
the  question  of  the  physical  properties  must  be  squareh'  and  ade- 
quately met,  and  means  of  controlling  and  reducing  the  color  must 
be  found  and  applied. 

It  is  not  my  purpose  to  describe  to  you  to-day  the  methods  which 
have  been  proposed  and  used  for  doing  this.  I  wish  rather  to  inter- 
est you  in  some  preliminary  work  which  is  necessary  to  a  full  under- 
standing of  the  question.  Full  and  accurate  knowledge  of  the  present 
conditions  is  the  best  foundation  on  which  to  project  plans  for  the 
improvement  of  those  conditions  ;  and  I  wish  to-day  to  interest  you 
in  securing  and  keeping  full  daily  information  as  to  the  colors  and 
turbidities  of  the  waters  under  your  charge.  I  know  that  ver}^  much 
has  already  been  done  in  this  direction,  particularly  in  Massachu- 
setts, by  the  State  Board  of  Health,  the  city  of  Boston,  the  Metro- 
politan Water  Board,  and  others,  but  even  in  New  England  there  is 
sometimes  room  for  improvement. 

The  United  States  Geological  Survey  has  taken  the  matter  up. 
At  the  request  of  Mr.  F.  H.  Newell,  hydi'ographer  of  the  Survey, 
I  undertook  last  year  to  design  apparatus  for  measuring  the  colors 
and  turbidities  of  waters  for  the  Survey.  The  apparatus  had  to  be 
thoroughly  portable,  and  so  simple  that  it  could  not  get  out  of  ad- 
justment. It  was  necessary  that  it  should  be  thoroughly  accurate 
under  all  conditions,  and  reliable  even  in  the  hands  of  comparatively 
inexperienced  operators.  Sets  of  such  apparatus  were  designed  and 
made  for  the  use  of  the  hydrographers  of  the  Survey,  and  with  the 
consent  of  Mr.  Newell,  arrangements  have  been  made  to  place  the 
apparatus  on  sale,  by  the  parties  who  have  made  it.  In  designing 
the  apparatus,  the  methods  in  common  and  approved  use  have  been 


24 


THE    PHYSICAL    PROPERTIES    OF    WATER. 


followed,  with  only  such  slight  modifications  as  seemed  necessary  or 
desirable. 

For  the  color,  the  platiuum-cobalt  standard  is  used.  Comparisons 
are  made  in  aluminum  tubes  with  glass  ends,  with  side  openings  for 
rapid  tilling  and  emptying,  as  shown  in  Fig.  1.  The  standard  length 
of  tube  is  200  millimeters,  but  shorterltubes  are  provided  for  waters 
with  very  high  colors.  The  standard  solution  of  platinum,  because  of 
its  acidity,  is  ditlicult  and  dangerous  to  carry  about;  and,  further,  in 
inexperienced  hands,  may  not  be  properly  kept  and  diluted,  and  so  the 
standards  made  from  it  may  not  have  the  sujtposed  values.     This  is 


Fig.'  ].  — Tubes  and  Colored  Glass  Disks  for  Measuring  thk 
Color  of  Water. 


met  in  tlie  new  apparatus  by  substituting  glass  slii)s  of  known  values. 
GlasH.  was  found  having  color  like  the  color  of  an  average  water  and 
also  like  the  color  of  the  standard  platinum-cobalt  solution.  This 
glass  is  cut  into  disks  of  various  thicknesses,  corresponding  to  the 
desired  colors.  These  disks  are  mounted  in  aluminum  and  stamped 
with  serial  numbers  for  the  purpose  of  subsequent  identification. 
They  are  then  compared  directly  with  standard  platinum-cobalt  solu- 
tion, in  apparatus  designed  for  that  purpose,  and  the  value  of  each 
disc  determined.  This  value  is  then  stamped  upon  the  aluminum 
mounting,  the  figure  ^representing  the  parts  ])er  million*  of  metallic 
l)latinum  which  would  produce  an  equal  color  when  seen  in  a  stand- 
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ard  tube  200  millimeters  long.  These  disks  are  placed  singly  or 
two  at  a  time,  as  may  be  required,  behind  an  empty  tube,  which  is 
provided  with  a  catch  to  hold  them  in  place,  and  when  the  slip 
or  slips  so  held  appear  equal  in  color  to  the  water  in  another 
tube,  held  beside  the  one  with  the  disks,  the  color  of  the  water  is 
the  amount  stamped  on  the  disk,  or  the  sum  of  the  amounts,  if  there 
are  two  or  more  of  them.  It  will  be  seen  that  this  is  not  a  new  color 
standard,  but  a  new  method  of  applying  an  old  standard.  It  is  like 
the  use  of  an  aneroid  in  place  of  a  mercurial  barometer.  The  results 
are  the  same,  while  the  method  of  application  is  so  simplified  as  to 
make  a  very  much  more  general  use  of  the  standard  possible. 

For  measuring  turbidity  the  stick  method  was  adopted,  but  with  a 
new  graduation  of  the  scale,  in  accordance  with  the  recommenda- 
tions of  the  committee  of  the  American  Public  Health  Association 
worked  out  in  detail  and  defined  by  Mr.  G.  C.  Whipple  and  the  author. 
In  principle  it  depends  upon  the  distance  beneath  the  surface  of  the 
water  at  which  a  platinum  wire  one  millimeter  in  diameter  can  just 
be  seen,  the  light  being  full  and  strong,  but  not  direct  sunlight. 
When  the  wire  can  be  seen  100  millimeters,  the  turbidity  is  100,  and 
corresponds,  as  nearh'  as  can  be  determined  from  available  experi- 
mental results,  to  100  parts  per  million  of  silica  in  suspension  on  the 
silica  standard  proposed  a  few,  years  ago  by  Mr.  Whipple.  The 
graduation  above  and  below  has  been  computed  from  many  experi- 
mental results  with  different  waters,  so  that  when  a  turbid  water  is 
diluted  with  a  clear  one,  the  turbidity  as  read  will  always  be  propor- 
tional to  the  amount  of  the  turbid  water  in  the  mixture ;  in  other 
words,  the  figures  represent  parts  per  million  of  suspended  matters, 
except  that  equal  aulounts  of  material  of  different  degrees  of  fineness 
produce  different  degrees  of  turbidity,  and  for  definiteness  a  certain 
arbitrary  degree  of  fineness  is  selected.  This  degree  of  fineness  is 
such  that  the  wire  can  be  seen  through  100  millimeters  of  water 
containing  100  parts  of  the  material.  The  computation  of  the 
other  points  on  the  scale  is  approximate.  Probably  the  exact  gradu- 
ations would  differ  somewhat  for  different  kinds  of  turbidity-produc- 
ing matter.  The  values  were  selected  and  arranged  from  the  best 
existing  data,  and,  if  necessary,  it  is  proposed  to  revise  the  scale 
when  more  extended  data  are  obtained,  retaining  the  100-millimeter 
mark  as  the  basis. 

In  using  the  stick  the  eye  is  always  supposed  to  be  1.2  meters,  or 
about  four  feet,  from  the  wire.     A  straight  stick  somewhat  longer 
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than  this,  say  four  and  one  half  feet  long,  should  be  used  for  con- 
tinued observations  at  one  point.  This  is  not  convenient  for  a 
portable  stick,  and  a  pocket  arrangement  has  been  devised.  It 
consists  of  a  short  aluminum  bar,  with  a  platinum  wire  and  the  be- 
ginning of  the  graduation.  The  rest  of  the  graduation  is  on  a  tape 
containing  bronze  wires  to  prevent  stretching,  and  attached  so 
that  when  not  in  use  it  folds  around  the  aluminum  bar,  as  shown 
in  Fig.  2.  To  hold  it  stiff  in  running  water  a  catch  serves  to 
hold  it  to  any  rough  stick  which  can  be  picked  up  upon  the  ground. 
Near-sighted  people,  and  some  others,  cannot  make  the  observation 


jiiii 


Fig.  2.  — Pocket  'Ihrbidity  Stick. 


properly.  It  is,  therefore,  well  for  each  person  using  the  apparatus 
to  compare  his  readings  with  those  of  several  other  people  (ex- 
perienced people,  if  possible),  and  to  examine  carefully  the  men 
that  he  uses  for  observers  before  placing  full  confidence  in  their 
results. 

The  whole  apparsitus  for  measuring  both  turbidity  and  color  is  so 
compact  that  it  has  been  possible  to  put  it  in  a  case  of  pocket  size, 
which  will  increase  its  convenience  to  many  people. 

The  apparatus  which  I  have  described  is  intended  to  facilitate 
measurement  of  color  and  turbidity,  and  to  make  the  results  uniform 
and  reliable.     To  get  necessary  and  accurate  records  is  an  important 
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step,  but  it  is  only  a  step,  and  it  should  not  be  forgotten  that  the 
ultimate  object  is  to  improve  the  physical  properties  of  our  water 
supplies,  which  are  only  second  in  importance  to  their  hygienic 
properties. 

DISCUSSION. 

Mr.  F.  H.  Crandall.  I  should  like  to  ask  Mr.  Hazen  if  it  is 
not  necessary  to  use  some  precaution  to  prevent  the  sunlight  affect- 
ing the  glass? 

Mr.  Hazen.  In  our  experience  thus  far,  which  only  extends 
over  about  a  year,  we  have  seen  no  indication  of  change  in  the 
colors  of  the  glass  standards.  If  they  should  change,  the  glasses 
can  be  re-rated  in  the  same  way  that  they  are  rated  at  first. 

Mr.  Crandall.     You  understand  that  they  are  fixed. 

Mr.  Hazen.  So  far  as  I  know  the  colors  are  absolutely  fixed. 
A  glass  will  get  scratched  after  a  while  in  field  use  and  will,  no 
doubt,  need  to  be  replaced  ultimately  by  a  fresh  one. 

A  Member.  I  should  like  to  ask  if  it  is  not  necessary  in  determin- 
ing turbidity  that  the  surface  of  the  water  should  be  smooth,  and 
whether  it  would  not  affect  the  reading  if  you  were  taking  a  reading 
on  a  running  stream  where  there  was  a  ripple  on  the  water? 

Mr.  Hazen.  It  is  always  the  rule  to  select  a  quiet  place.  In 
large  rivers  better  results  are  secured  by  drawing  the  water  in  a 
bucket  and  then  taking  the  turbidity  immediately  after  drawing,  and 
before  settling  has  commenced  to  take  place.  In  some  cases  the 
turbidity  will  be  reduced  10  per  cent,  by  waiting  three  or  four 
minutes. 

Mr.  Robert  Spurr  Weston.*  Perhaps  it  will  be  interesting  to 
the  members  of  the  Association  to  give  in  this  connection  a  brief 
summary  of  the  experience  in  New  Orleans  during  the  investigation 
of  the  local  water  purification  problem,  when  several  thousands  of 
turbidity  determinations  were  made,  both  by  the  wire  method,  just 
described  by  Mr.  Hazen,  and  also  by  the  diaphanometer. 

The  diaphanometer  used  was  similar  to  that  used  by  Parmelee 
and  Ellms  at  Cincinnati,  and  described  elsewhere. f  It  consisted  of 
a  tube  about  one  meter  (40  inches)  long  and  30  millimeters  (1.2 
inches)  in  diamieter.  This  tube  was  supported  upon  a  box  in  which 
was  placed  the  illuminating  apparatus.  At  the  lower  end  of  this 
tube  there  was  an  object  glass,  the  four  quadrants  of  which  were 

*  Sanitary  Expert,  Boston,  Mass.  j  Technoloyy  Quarterly,  vol.  xii,  pp.  157,  1899. 
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partially  blackened  in  such  a  manner  as  to  leave  a  transparent  cross 
with  arms  one  millimeter  wide.  This  "  eross-of-light "  corresponds 
to  the  wire  of  the  wire  method,  and  the  turbidity  is  determined  by 
noting  the  vanishing  point  of  this  cross  when  the  same  is  viewed 
against  a  strong  light. 

This  cross  was  lighted  from  below  by  means  of  a  Welsbach  light, 
the  rays  of  which  first  passed  through  a  double  plano-convex  con- 
denser and  were  reflected  up  through  the  tube  from  an  inclined 
convex  mirror.  The  condenser  and  convex  mirror  helped  to  destroy 
the  image  of  the  Welsbach  mantel. 

The  instrument  was  used  as  follows :  After  the  burner  was 
lighted,  water  was  poured  in  at  a  point  near  the  top  of  the  tube 
until  the  "  cross-of-light "  vanished  from  view. 

The  diaphanometer  was  standardized  in  a  manner  analogous  to 
that  employed  by  Messrs.  Hazen  and  Whipple  in  standardizing  the 
wire  method.  All  results  were  expressed  in  terms  of  standard 
silica  suspension,  as  determined  from  experiments  made  with  the 
diaphanometer  to  determine  the  depths  at  which  standard  suspen- 
sions of  silica  would  cause  the  "cross-of-light"  to  vanish.  Thus, 
a  water  which  had  a  turbidity  of  100  caused  the  "cross-of-light" 
to  vanish  at  the  same  point  as  a  suspension  containing  100  milli- 
grams of  silica  to  the  liter. 

For  the  purpose  of  comparison,  turbidities  were  also  determined 
by  means  of  the  wire  method  just  described.  This  was  done  on  a 
large  number  of  samples,  in  order  to  determine  the  comparative 
values  of  the  two  methods. 

The  turbidities  of  many  samples  —  those  having  turbidities  of 
less  than  40  parts  per  million  —  were  determined  by  direct  com- 
parison with  the  silica  standards  in  bottles  or  tubes.  Waters  hav- 
ing a  turbidity  of  more  than  500  parts  per  million  were  diluted  with 
distilled  water  previous  to  the  determination  of  the  turbidity. 

In  general,  the  experiences  at  New  Orleans  went  to  show  that  de- 
terminations could  be  made  more  precisely  with  the  diaphanometer 
than  with  the  wire  instrument,  but  that  the  latter  was  much  more 
convenient.  Furthermore,  determinations  could  be  made  much  more 
rapidly  with  the  wire  instrument. 

The  diaphanometer  is  especially  useful  in  laboratories  connected 
with  rapid  filter  plants,  where  it  is  necessary  to  vary  the  amounts  of 
applied  coagulant  according  to  the  varying  turbidity  of  the  unfil- 
tered  water.     As  it  is  necessarv  to  varv  the  amounts  of  coagulant 
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during  tlie  night  time,  tlie  ditvphanometer  is  very  useful  because  it 
is  independent  of  daylight,  while  the  extremely  neat  and  compact 
device  just  described  may  be  used  only  during  the  hours  of  bright 
daylight,  and  is  best  used  when  instantaneous  pictures  could  be 
taken  with  a  camera.  The  wire  instrument  seems  to  be  the  best 
for  general  field  work,  and  Mr.  Hazen  is  to  be  thanked  for  having 
devised  such  a  portable  instrument. 

At  New  Orleans  it  was  found  that  single  determinations  made  by 
the  diaphanometer  varied  from  time  to  time  with  different  intensities 
of  light,  different  observers  and  different  suspensions  of  silica. 
The  total  variation  reached  15  per  cent,  at  times  and  the  personal 
error  of  reading  was  as  high  as  7  per  cent,  among  three  or  four 
observers. 

The  table  on  the  following  page  shows  the  relation  between  the  var- 
ious methods  for  determination  of  turbidity,  as  practised  at  New 
Orleans.  One  column  gives  the  equivalent  values  of  the  silica  scale 
of  the  United  States  Geological  Survey,  which  has  just  been  de- 
scribed by  one  of  its  originators.* 

It  will  be  seen  that  there  are  some  differences  between  the  turbid- 
ity scale  of  the  United  States  Geological  Survey  and  that  established 
at  New  Orleans,  or,  as  Mr.  Hazen  has  just  expressed  it,  the  values 
of  the  standard  vanishing  depth  expressed  in  terms  of  silica  differ. 
It  was  impracticable  to  exactly  determine  the  reasons  for  this  dif- 
ference while  the  work  was  in  progress.  Possibly  the  differences 
may  be  charged  to  differences  in  the  silica  used  as  a  standard  of 
comparison. 

Many  of  the  determinations  were  checked  by  gravimetrical  de- 
terminations of  suspended  matter.  When  these  were  compared 
with  the  turbidit}'  determination  it  was  soon  observed  that  when 
the  Mississippi  River  partook  largely  of  the  character  of  its  south- 
western tributaries  (the  Red  and  Arkansas  Rivers),  a  given  amount 
of  suspended  matter  would  produce  more  turbidity  from  an  optical 
standpoint  than  the  same  amount  of  suspended  matter  when  the 
river  water  partook  largely  of  the  character  of  some  of  its  other 
tributaries,  — notably  the  Upper  Mississippi.  This  phenomenon  led 
to  the  adoption  of  the  expression  "  turbidity  coefficient,"  which  is 
a  measure  of  the  character  of  the  particles  producing  the  turbidity, 
and  is  a  ratio  between  the  suspended  matter  determined  gravimetri- 

*  Hazen  and  Whipple:  Circular  Xo.  S,  U.  S.  Geological  Survey,  Division  of  Hydrog- 
raphy, 190-2. 
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TABLE   SHOWING  THE   RELATION   BETWEEN   THE    VARIOUS 
METHODS   OF  TURBIDITY   DETERMINATION. 

By  Direct  Comparison    By  Diaphanometer        Silica  Scale  of  U.  S.        Wire  Reciprocal  oj 


Silica  Stand- 
ai-ds. 

Expressed  as  Parts 

of  Silica  per 

Million. 

Geological 
Surrey* 

Vanishing  Depth 
in  Inches. 

5 

— 

— 

0.018 

10 

— 

12 

0.037 

15 

— 

16 

0.049 

20 

— 

24 

0.070 

25 

— 

27 

0.078 

30 

— 

31 

0.090 

40 

40 

43 

0.12 

50 

50 

56 

0.15 

60 

60 

68 

0.18 

70 

81 

0.21 

80 

94 

0.24 

90 

108 

0.27 

100 

123 

0.30 

120 

149 

0.35 

140 

176 

0.40 

160 

198 

0.44 

180 

225 

0.48 

200 

246 

0.52 

220 

274 

0.55 

240 

296 

0.58 

260 

325 

0.62 

280 

355 

0.66 

;joo 

378 

0.69 

320 

403 

0.72 

340 

441 

0.76 

360 

471 

0.79 

380 

500 

0.82 

400 

542 

0.86 

450 

628 

0.94 

500 

720 

1.02 

The  above  are  average  determinations  on  samples  from  all  sources,  Miss- 
;isslppi  River,  river  and  settling  basin  effluents. 

*Hazen  and  Whipple :  Circular  No.  8,  Division  of  Hydrography,  1902. 
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cally  and  the  turbidity  expressed  as  the  equivalent  number  of  parts 
of  silica  per  million,  — 

Suspended  matter 


Turbidity  coefficient.  = 


Turbiditv 


Waters  containing  coarse,  crystalline  silt  particles,  which  have  a 
low  turbiditv-producing  power,  have  a  high  turbidity  coefficient, 
while  the  opposite  is  true  of  waters  containing  finely  divided  clay 
particles. 

While  much  data  has  not  been  collected  as  yet,  it  may  be  said' 
that  the  turbidity  coefficient  of  American  streams  varies  roughly 
between  0.5  and  1.5. 

Mr.  Kenneth  Allen.  In  connection  with  the  removal  of  color, 
Mr.  Clark  this  moruing  spoke  of  removing  from  zero  to  62  per 
cent.,  I  think,  by  a  single  filtering  through  sand.  It  would  be 
interesting  if  Mr.  Hazen,  or  Mr.  Clark  if  he  is  here,  would  tell  us 
something  about  the  effect  of  filtering  with  a  coagulant  by  a  rapid 
filter,  and  what  experience  has  been  had  with  rapid  filtration  and 
with  a  coagulant. 

Mr.  H.  W.  Clark.  I  think  Mr.  Hazen  has  had  much  more  ex- 
perience than  I  have  had  in  the  filtration  of  colored  waters  and  the 
use  of  a  coagulant,  and  I  will  refer  that  to  him. 

Mr.  Hazen.  I  am  sorry  that  Mr.  Clark  has  not  had  more  ex- 
perience with  coagulant  —  I  have  often  suggested  to  him  that  he 
get  it.  [Laughter.]  The  color  can  be  I'emoved  by  the  use  of  a 
coagulant,  but  it  often  takes  a  great  deal  of  coagulant  to  do  it. 
Something  is  known  about  the  amount  required  for  different 
waters,  but  it  is  dependent  upon  a  whole  series  of  conditions,  and  so 
cannot  be  computed  by  any  simple  formula.  The  amount  of  color 
is  naturally  the  most  important  single  condition  which  determines  the 
necessary  amount  of  coagulant,  and,  other  things  being  equal,  the 
amount  of  coagulant  required  is  proportional  to  the  amount  of  color ; 
the  amount  of  alkalinity  affects  it,  and  also  the  presence  of 
other  matters  in  the  water.  Generally  speaking,  it  takes  a  good 
deal  of  coagulant  to  remove  the  color,  and  when  colored  waters  are 
filtered  by  mechanical  filters  it  often  happens  that  coagulant  is  used 
only  in  such  quantities  as  to  remove  a  small  percentage  of  the  color, 
and  the  color  removed  is  not  greater  than  it  is  with  sand  filters. 
However,  by  the  use  of  sufficient  coagulant  nearly  all  the  color  can 
fee  removed. 
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ECONOMY   IN   THE   USE   OF   COAL   FOR   THE 
PRODUCTION   OF   POWER. 

BY  PROF.  IRA  N.   HOLLIS,   HARVARD  UNIVERSITY,  CAMBRIDGE,  MASS. 

[Presented  November  12,  1902.] 

It  is  difficult  to  write  anything  new  on  economy  in  the  use  of  fuel, 
especially  before  a  society  which  is  familiar  with  its  uses.  Many  in- 
ventions have  been  tried  of  recent  years  with  little  gain  of  efficiency 
when  compared  with  the  vast  amount  of  heat  wasted  in  the  chimney 
or  in  the  exhaust  of  a  steam  engine.  The  rate  of  improvement  has 
been  a  decreasing  one,  and,  like  the  last  knot  in  a  24-knot  steamer, 
an  enormous  amount  of  human  effort  is  required  to  produce  a  rela- 
tively small  result.  We  seem  to  have  reached  a  blind  alley,  out  of 
which  we  can  escape  only  by  going  back  to  try  old  ways  long  since 
given  up  or  by  striking  out  on  some  new  path  not  yet  indicated. 

The  fundamental  motive  at  the  base  of  all  human  invention  is  in 
the  direction  of  saving  labor,  and  thus  of  increasing  the  material 
comforts  and  leisure  of  the  race.  Broadly  stated,  this  means  that 
coal  or  water  must  do  the  work  which  men  formerly  did  by  hand  ; 
hence,  for  every  ton  of  coal  which  we  have  been  able  to  save  by  the 
increased  efficiency  of  furnaces  and  machines,  many  tons  have  been 
added  to  the  yearly  expenditure  by  the  enormously  greater  demand 
for  power.  We  are  already  beginning  to  talk  about  how  long  the 
available  supply  of  coal  will  last,  and  the  late  strike  in  the  anthracite 
region  has  quickened  interest  in  the  subject,  as  it  has  given  us  a  hint 
of  what  a  coal  famine  would  mean  to  a  nation  accustomed  to  depend 
upon  it  for  work  and  heat.  Yet  we  have  hardly  attacked  the  prob- 
lem of  economy  in  the  use  of  coal. 

A  pound  of  good  coal  is  capable  of  yielding  from  14  000  to  15  000 
heat  units  during  combustion,  equal,  if  all  transmitted  into  work, 
to  between  10  892  000  and  11  670  000  foot  pounds.  When  used  for 
heating  purposes,  as  in  reducing  and  blast  furnaces,  a  very  large 
percentage  of  this  heat  is  lost  at  once  ;  and  when  used  in  a  boiler  to 
drive  a  steam  engine,  a  still  larger  percentage  is  lost,  first  in  the 
boiler  and  next  in  .the  cylinders  of   the    engine.      Under  the    most 
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vorable  couditious,  we  recover,  in  practice,  only  1  320  000  foot 
pounds  from  each  pound  of  coal,  thus  wasting  more  than  88  per  cent, 
of  its  heat  value.  For  every  ton  that  is  burned  in  a  power  house 
we  throw  away  nearly  seven  and  a  half  tons.  This  is  only  one  ex- 
ample out  of  many,  and  as  it  is  the  one  in  which  this  society  is  most 
interested,  it  seems  best  td  confine  the  present  discussion  to  the  use 
of  coal  in  the  production  of  power.  Meantime,  let  us  see  what  en- 
gineers are  trying  to  accomplish. 

The  total  possible  saving  in  the  steam  boiler,  which  is  given  later, 
would  be  about  34  per  cent,  of  the  heat  of  the  coal.  This  reckons 
the  boiler  efficiency  at  66  per  cent.  Of  the  34  per  cent,  referred  to, 
we  cannot  hope  to  get  back  more  than  half,  as  fully  17  per  cent,  is 
required  for  draft,  even  when  using  an  economizer.  This  leaves,  as 
the  maximum  possible  efficiency  of  a  boiler,  83  per  cent.  In  the 
case  of  the  steam  engine,  the  efficiency  is  governed  by  the  thermody- 
namic law  that  the  work  is  proportional  to  the  range  of  heat.  If  we, 
therefore,  take  the  upper  temperature  of  steam  at  900°  absolute, 
and  the  lower  at  600°,  the  ideal  efficiency  would  be  one  third,  or  33|^ 
per  cent.,. which  is  rarely  even  approached.  The  highest  mechanical 
efficiency  that  I  have  ever  been  able  to  find  between  the  steam 
cylinder  and  the  power  to  which  it  is  applied  is  in  the  case  of  the 
Cambridge  pumping  engine,  where  the  work  done  in  the  pump  was 
slightly  over  96  per  cent,  of  the  power  developed  in  the  cylinders. 
This  would  give  us  96  per  cent,  efficiency.  Multiplying  the  three 
efficiencies  together,  we  have  the  maximum  attainable  efficiency 
under  ideal  conditions  of  26.^  per  cent.  ;  that  is,  nearly  three  fourths 
of  the  heat  of  the  coal  must  be  thrown  away,  even  under  ideal  condi- 
tions, for  the  working  of  a  steam  engine.  We  have  been  able,  with 
the  most  economical  of  modern  engines,  to  get  one  horse  power  on 
eleven  pounds  of  steam,  or  even  slightly  less.  This  gives  us  about 
12  per  cent,  efficiency.  What  we  are  working  for,  therefore,  is  the 
remaining  14^  per  cent.,  and  we  must  remember  that  under  no  con- 
ditions is  it  practicable  with  the  present  materials  for  engines  and 
boilers  to  gain  more.  Engineers  may  well  strive  to  strike  out  on  a 
new  path.  We  are  struggling  with  the  steam  turbine  and  with  other 
inventions  to  save  a  few  pounds  of  coal,  while  we  are  wasting  tons. 

One  of  the  axioms  of  modern  engineering  is  that  the  conditions 
most  favorable  to  economy  are  the  regular  and  constant  demand  for 
power.  Where  an  engine  is  to  be  run  at  its  designed  maximum 
power  for  twenty-four  hours  a  day,  the  entire  plant  can  be  made  to 
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realize  a  much  higher  efficiency  than  would  be  the  case  with  a  fluc- 
tuating demand  for  work.  Where  this  fluctuating  demand  prevails, 
the  plant  must  be  designed  for  the  greatest  output  and  yet  used  for 
long  periods  at  ranch  lower  rates.  This  is  like  employing  a  man  to 
do  the  work  of  a  small  child,  because  at  times  there  are  weights  to 
he  lifted  that  require  a  man's  strength.  '  Furthermore,  paradoxical 
as  it  may  seem,  there  are  many  cases  in  which  economy  would  be 
obtained  only  at  too  great  a  cost ;  a  good  example  of  this  being 
found  in  steam  engines  for  small  powers.  It  would  not  pay  to  build 
a  one-horse-power  engine  with  a  steam  jacket  and  condenser  and  air 
pump.  The  first  cost  would  be  too  great,  and  the  skill  to  render  the 
design  effective  would  be  far  beyond  the  ordinary  rate  of  wages. 
The  line  of  improvement  in  the  use  of  small  powers  is  clearly  pointed 
out :  a  central  station  which  can  be  kept  working  at  a  constant  rate, 
and  some  efficient  method  of  distribution  to  motors  of  such  simplicity 
that  cheap  labor  can  be  employed  to  run  them.  This  may  be  called 
the  problem  of  the  twentieth  centurv,  inasmuch  as  there  are  many 
demands  for  small  power  to  a  comparatively  few  for  power  in  large 
quantities. 

Economy  in  the  use  of  coal  is  thus  divided  under  three  heads  :  — 

(1)  Efficiency  in  the  recovery  of  heat  after  combustion. 

(2)  Efficiency  of  the  medium  by  which  the  heat  is  transmitted  into 
work. 

(3)  Efficiency  of  the  machine  which  applies  the  work  developed  in 
the  prime  mover  to  a  useful  result. 

When  we  consider  that  under  these  three  elements  of  efficiency, 
exhaustive  experiments,  extending  over  a  century,  have  enabled  us 
to  transmit  under  ordinary  conditions  less  than  10  per  cent,  of  the 
heat  of  the  coal  into  useful  work,  we  may  realize  the  great  field  still 
open  to  engineers. 

In  a  steam  plant  the  boiler  forms,  naturally,  the  first  element 
for  study.  Its  efficiency  is  so  much  a  question  of  the  men  who  run 
it  that  we  have  arrived  at  no  final  type  whiclj  may  be  expected  to 
give  the  highest  results.  Any  well-designed  boiler  will  recover  from 
the  coal  about  75  per  cent,  of  its  heat  under  the  most  favorable  con- 
ditions. This  falls  to  40  per  cent,  and  50  per  cent,  with  bad  man- 
agement, and  it  may  rise  to  85  per  cent,  with  the  addition  of  some 
device,  usually  separate  from  the  boiler,  for  utilizing  the  waste  heat. 
The  following  table,  taken  from  a  boiler  trial  reported  in  1894  and 
republished  in  Bryan  Donkin's  book  on  "Heat  Efficiency  of  Steam 
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Boilers,"  may  serve  a  useful  purpose  in  indicating  the  heat  utilized 
and  lost.  The  data  were  obtained  from  two  Lancashire  boilers  and 
a  Green  economizer,  and  it  is  sufficiently  near  the  average  practice 
to  serve  as  a  type.  A  slight  modification  has  enabled  me  to  place 
all  the  data  in  one  table. 

British  Per 

Thermal  Unitis.      Cent. 

Heat  transmitted  to  'V7ater  in  boiler  8  271  55.2 

Heat  ti-ansmitted  to  water  in  economizer 1  637  10.9 

Heat  lost  in  products  of  combustion 1127  7.5 

Heat  lost  in  excess  air 985  6.6 

Heat  lost  in  moisture  from  coal 23  .2 

Heat  lost  in  air  lealiiug  througli  bricliworli  of 

economizer 259  1.7 

Heat  lost  in  unburnt  coal 342  2.3 

Heat  not  accounted  for,  including  radiation  ..  2  342  15.6 

Total    14  986  100.0 

The  third  item  in  the  table  represents  an  unavoidable  loss  in 
one  form  or  another.  Combustion  is  produced  b}'  the  contact  of 
oxygen  with  combustible  material  at  a  temperature  which  causes  a 
chemical  combination.  The  continuous  combustion  of  coal  is  pos- 
sible only  with  a  regular  supply  of  air  and  an  equally  regular  with- 
drawal of  waste  products.  Work  is  required  to  provide  this  constant 
current  or  draft,  either  in  the  form  of  heat  supplied  directly  by  the 
fuel  or  indirectly  by  means  of  power  obtained  from  the  steam. 
Under  either  condition  a  considerable  amount  of  heat  is  lost  which, 
apparently,  can  never  be  saved  by  any  inventions  affecting  the 
steam  boiler.  Usually  both  losses  occur  when  blowers  are  used,  as 
it  is  never  possible  to  discharge  the  products  of  combustion  at  the 
temperature  of  the  air.  In  the  case  of  a  boiler  without  a  feed  water 
heater,  they  can  never  be  below  the  temperature  of  the  steam.  The 
table  shows  that  1  127  heat  units  are  thus  lost  even  with  an  econo- 
mizer. "Without  it  the  quantity  would  have  been  above  2  000. 
Complete  combustion  is  not  possible  without  an  excess  of  air,  and 
thus  a  small  gain  brings  with  it  a  considerable  loss,  as  the  heated 
air  is  discharged  at  the  same  temperature  as  the  products  of  com- 
bustion. With  blowers  this  excess  is  likely  to  be  greater  than  with 
a  natural  draft.  The  regular  supply  of  air  is  an  absolute  essential 
of  economy  when  the  supply  of  coal  is  also  constant.  Air  entering 
irregularly  signifies  loss  of  efficiency.  It  is  in  this  respect  that  the 
various  forms  of  mechanical  stokers  have  the  advantage  of  firing  by 
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hand.  The  total  heat  lost  up  the  chimney  from  a  furnace  would 
appear  by  the  table  to  be  about  2  100  heat  units,  or  18.4  per  cent. 
Two  methods  have  been  worked  out  for  recapturing  some  of  this 
heat,  and  of  these  the  feed  water  heater  has  played  by  far  the  more 
important  part.  It  has  taken  on  various  forms,  but  the  Green  econo- 
mizer is  that  which  has  seemed  most  effective.  Any  arrangement 
by  which  the  feed  pipes  are  placed  in  the  path  of  the  products  of 
combustion  will  add  to  the  economy  of  the  boiler,  although  it  may 
also  add  to  the  repair  bill. 

Attempts  have  been  made  to  heat  the  air  supplied  to  the  furnace 
by  means  of  the  waste  products,  and  the  Howdeu  system  has  proven 
successful  in  this  respect.  A  fan  is  necessary  for  its  operation,  and 
work  is  thus  expended  by  the  blowing  engine  in  the  production  of 
draft.  One  point  worth  attention  in  connection  with  all  hot-air 
blasts  is  that  the  amount  of  oxygen  in  one  cubic  foot  of  air  is  in- 
versely proportional  to  the  absolute  temperature.  Consequently,  at  a 
high  temperature  a  greater  volume  of  air  must  be  supplied  to  consume 
a  given  weight  of  coal ;  it  therefore  requires  greater  power  to  drive 
hot  air  in  burning  coal  than  cold  air.  There  is  much  to  be  said  on 
the  subject  of  the  location  of  a  blower,  whether  it  be  in  the  fire  room 
and  used  to  force  draft  by  pressure  in  the  ash  pan,  or  in  the  uptake, 
where  it  creates  a  vacuum  to  induce  draft.  In  the  latter  case  the 
temperature  of  the  products  of  combustion  must  be  kept  compara- 
tively low  in  order  to  prevent  an  injurious  change  of  shape  of  the 
fan. 

Intimately  connected  with  the  economical  combustion  of  coal  is 
the  prevention  of  smoke,  the  latter  being  only  so  much  unburnt  car- 
bon passing  off  into  the  air,  to  drop  on  everything  in  the  neighbor- 
hood. All  of  our  large  cities  have  been  troubled  with  the  smoke 
nuisance,  upon  which  many  inventors  have  set  their  brains  to  work. 
One  needs  only  to  go  through  a  city  like  Pittsburg  to  realize  that 
there  is  room  for  improvement.  In  the  main,  it  may  be  said  that 
devices  for  smoke  combustion  lead  to  economy  in  the  use  of  coal,  but 
they  often  increase  the  total  expenditure  of  money  per  year.  The 
cost  of  coal  is  only  part  of  the  total  expense,  and  repairs  to  smoke 
consumers  and  patent  furnaces  are  often  large.  Unless  a  plant  is 
of  considerable  size  and  is  run  continuously,  they  are  of  doubtful 
value.  The  various  forms  of  mechanical  stokers  have  the  advantage 
over  firing  by  hand  both  in  economy  and  in  smoke  prevention.  Yet 
much  might  be  accomplished  by  better  laws  in  regard  to  licensing 
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firemen.  It  has  always  seemed  to  me  that  a  first-rate  fireman 
with  the  ordinary  grate  is  equal  to  any  form  of  patent  furnace, 
where  there  is  a  fluctuating  demand  for  steam.  There  is  a  vastly 
greater  difference  between  a  good  fireman  and  a  bad  fireman  than 
there  is  between  a  mechanical  stoker  and  a  good  fireman.  A  good 
school  for  teaching  them  would  be  more  fundamental  than  mechani- 
cal devices  of  any  kind.  Yet  it  is  only  fair  to  add  that  the  clieaper 
grades  of  coal  can  be  burned  on  patent  stokers  wliere  the  feed  is 
regular.  This  is  a  decided  advantage,  and  furthermore  the  extensive 
use  of  soft  coal  must  of  necessity  develop  a  good  smoke  consumer. 
Some  are  now  fairly  satisfactory.  A  few  years  ago  I  ran  a  series 
of  tests  with  a  patent  furnace  in  order  to  compare  its  results  with 
those  obtained  from  an  ordinary  grate  in  a  boiler  alongside  of  it. 
The  patent  furnace  was  something  like  the  Murphy  automatic  fur- 
nace, only  it  had  a  broader  plate  in  the  bottom.  The  coal  was  fed 
in  on  the  sides,  and  a  warm  blast  was  thrown  down  over  it  from  the 
sides  throughout  the  length  of  the  furnace.  This  blast»was  caused  by 
an  ordinary  Sturtevant  blower.  1  ran  a  dozen  or  more  tests  with 
the  boiler,  which  was  of  the  ordinary  under-fired  type,  and  found 
that  on  the  whole  it  was  not  so  economical  in  the  production  of 
steam  as  the  ordinary  grate.  In  the  reduction  of  smoke  it  w^as  very 
effective,  by  diluting  the  products  of  combustion  with  air  to  such  an 
extent  that  the  smoke  seemed  to  be  only  a  small  percentage  of  the 
discharge  from  the  chimney.  The  neighboring  boiler  with  the  plain 
grate  discharged  into  the  same  chimney,  and  I  watched  it  very  care- 
fully when  run  by  a  first-rate  fireman.  The  amount  of  smoke  was 
undoubtedly  in  excess  of  that  discharged  from  the  patent  device, 
even  when  great  care  was  exercised  in  the  firing,  but  not  to  the  ex- 
tent usually  seen  in  the  ordinary  factory  chimney.  The  amount  of 
steam  produced  per  pound  of  coal  was  fully  up  to  the  very  best  prac- 
tice. It  has  always  seemed  to  me,  therefore,  that  one  of  the  .essen- 
tial features  of  economy  should  be  the  proper  education  of  firemen 
and  a  more  rigid  requirement  by  the  state  inspector.  As  it  is  at  pres- 
ent, almost  any  man  who  knows  where  water  goes  into  a  boiler  and 
where  it  can  be  blown  out  sets  out  as  a  full-fledged  fireman.  He  may 
be  very  unskillful  in  the  handling  of  coal. 

It  seems  strange  that  up  to  the  present  time  no  satisfactory  method 
of  keeping  the  heating  surfaces  of  boilers  clean  has  been  devised. 
The  loss  of  heat  chargeable  to  this  account  is  very  great,  and  the 
loss  of  money  is  still  greater.     We  find  it  necessary  to  provide  heat- 
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ing  surface  equal  to  thirty-five  or  forty  times  tije  grate  surface  to 
attain  any  kind  of  efficiency,  yet  an  effective  method  of  cleaning  the 
surfaces  would  permit  us  to  reduce  them  very  materially,  and  thus 
to  lessen  the  amount  of  material  put  into  a  boiler  of  given  horse 
power.  The  tubes  of  ordinary  boilers  are  always  more  or  less  dirty, 
and  the  water  side  of  the  tubes  is  almost  continuously  coated  with 
some  non-conducting  substance.  I  have  seen  a  ship  gain  a  knot's 
speed  simply  by  blowing  through  the  tubes  with  steam,  and  that 
without  the  expenditure  of  a  pound  more  coal. 

The  small  losses  shown  in  the  table  from  moisture,  leaks  tlu'ough  the 
brickwork,  and  unburnt  coal,  are  sometimes  serious,  but  they  are  simply 
matters  of  care.  If  a  fireman  is  allowed  to  turn  the  sprinkler  on 
coal  he  is  likely  to  cost  his  .employer  dear  in  the  course  of  a  year. 
The  same  may  be  said  of  too  frequent  cleaning  of  fires.  The  leaks 
through  the  brickwork  are  greater  than  usually  reckoned,  and  they 
are  avoidable  only  by  constantly  plastering  up  the  outside.  It  has 
seemed  to  mc  that  a  sensible  gain  in  economy  would  result  from 
plastering  the  outside  of  a  brick  setting  so  that  every  crack  would 
appear  at  once  upon  its  development.  In  the  table  the  loss  "  not 
accounted  for  "  requires  some  study,  as  it  appears  to  be  quite  a  large 
percentage.  There  is  always  this  unaccountable  deficiency,  greater 
or  less  according  to  the  care  exercised  in  the  test  which  has  been 
made. 

When  we  turn  to  the  steam  engine  we  find  greater  losses  than  in 
the  boiler.  The  first  and  most  serious  loss  is  from  initial  conden- 
sation. Although  the  steam  jacket  has  done  much  to  mitigate  this 
loss,  it  should  still  be  used  with  judgment.  For  many  years  there 
was  a,  controversy  on  the  merits  of  the  steam  jacket,  proceeding 
mainly  from  the  fact  that  the  different  tests  were  made  under  dif- 
ferent conditions,  and  not  properly  comparable.  Some  would  pro- 
nounce the  jacket  as  of  no  special  advantage  ;  others  would  find  a 
gaiuiof  25  or  30  per  cent.  There  are  engines  in  which  this  gain  is  pos- 
sible, but  only  when  the  jacket  is  properly  used.  I  have  lately  run  a 
test  showing  that  there  is  such  a  thing  as  over-jacketing  an  engine 
and  losing  heat  by  having  too  much  jacket  steam.  The  case  is  that 
of  a  triple-expansion  engine,  which  developed  about  533  horse  power. 
The  steam  was  supplied  to  the  high-pressure  cylinder  at  184  pounds, 
and  it  passed  successively  through  the  high-pressure  cylinder,  the 
working  side  of  the  first  reheater,  the  intermediate  cylinder,  the 
working  side  of  the  .second  reheater,  and  the  low  pressure  cylinder. 
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into  the  condenser.     Every  cylinder  and   reheater  was   tlioroughly 
jacketed  with  high-pressure  steam  from  the  boiler,  and  the  exhaust 
from  the  low-pressure  cylinder  passed  into  the  condenser,  with  steam 
superheated  100°.     It  strikes  me  that  this  was  a  waste  of  steam, 
although  I  have  never  seen  a  similar  ease  in   connection   with  the 
steam  jacket.     The  record  of  economy  was  about  as  follows  :  — - 
Without  any  steam  on  the  jackets  or  reheaters,  the  steam  sup- 
plied to  the  engine  was  12.19  pounds  per  indicated  horse  power. 
With  full  pressure  on  all  jackets,  the  steam  used  was  12.0i> 
pounds  per  indicated  horse  power,  showing  no  substantial  gain. 
With  steam  on  only  the  high-pressure  and  intermediate  jacket 
and  on  the  first  reheater,  the  amount  of  steam  supplied  to  the 
engine  was  11.47  per  indicated  horse  power. 
There  were  nineteen  tests  run  in  all  in  connection  with  this  engine, 
and  the  results  have  not  been  completely  tabulated  for  publication, 
but  the  point  which  I  wish  to  bring  out  here  is  perfectly  plain,  and 
that  is  that  a  test  with  and  without  jackets,  as  at  first  conducted, 
would  have  shown  no  special  advantage  of  the  jacket ;  yet  a  further 
test,  with  a  moderate  amount  of  steam  used  in  the  jackets,  espe- 
cially in  the  early  part  of   the  passage   of  the   steam   through   the 
cylinders,  showed  a  gain  of  six  per  cent.     It  has  always  struck  me 
that  the  difference  between  the  tests  of  steam  jackets  i3  in  the  cir- 
culation, and  that  many  of  them  fail  from  a  poor  circulation  of  the 
steam.     The  success  of  a  jacket  depends  entirely  upon  discharging 
all  condensed  water,  so  that  the  latent  heat  stored  in  the  steam  may 
become  useful. 

One  of  the  chief  directions  for  Americans  to  work  in  the  use  of 
steam  is  in  superheating.  Much  more  has  been  done  in  this  line  in 
Germany  than  in  our  own  country.  With  the  improvement  in  oils, 
there  is  no  reason  why  an  engine  should  not  be  made  to  work  success- 
fully under  a  moderate  degree  of  superheat.  This  reduces  materi- 
ally the  necessity  for  jacketing,  and  etfeets  a  saving  in  first  cost  as 
well  as  an  increase  of  efficiency. 

When  all  is  said  about  the  loss  of  heat  from  an  engine,  I  am  per- 
suaded that  the  loss  from  the  leakage  of  steam  by  valves  is  much 
more  serious  than  usually  appears.  Very  few  valves  are  tight,  and 
a  continuous  leakage  from  the  boilers  past  the  valves  or  pistons  to 
the  air  or  the  condenser  is  a  great  drain  on  the  coal  pile.  One  case 
which  came  directly  under  my  observation  was  in  the  use  of  a  piston 
valve  for  the  low-pressure  cylinder  of  a  cruiser.     We  were  making 
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about  eight  knots  an  hour  on  forty  tons  of  coal  a  day.  The  replace- 
ment of  the  packing  rings  in  the  low-pressure  piston  valves  reduced 
the  leak  of  steam  to  such  an  extent  that  the  ship  was  easily  able  to 
make  nine  knots  an  hour  on  about  thirty-five  tons  of  coal  a  day. 
The  leakage  was  thus  fully  60  per  cent,  of  the  steam  used  to  produce 
the  power,  and  this  served  only  to  heat  up  the  sea  water  discharged 
through  the  outboard  delivery. 

Calculations  on  initial  condensation  seem  to  me,  therefore,  very 
inaccurate,  excepting  where  a  careful  test  has  been  made  of  the 
tightness  of  all  valves.  Gridiron  valves  seem,  on  the  whole,  most 
satisfactory.  They  are  far  preferable  to  piston  valves,  as  their  ten- 
dency is  to  become  tighter  with  wear,  while  the  tendency  of  piston 
valves  is  to  become  looser. 

Not  much  remains  to  be  done  in  ordinary  water  works  towards 
gain  in  mechanical  efHciency.  As  stated  above,  Mr.  Leavitt's 
engine  in  Cambridge  gave  about  96  per  cent,  efficiency.  Something 
remains,  however,  in  reducing  the  losses  of  ordinary  power  stations. 
A  question  which  every  engineer  has  to  face  at  some  time  in  his 
life,  and  which  every  owner  of  a  factory  must  face,  is  what  are  the 
necessary  items  of  an  economical  power  plant.  It  seems  to  me  that 
thev  may  be  summed  up  about  as  follows  :  A  well-designed  and  well- 
built  battery  of  boilers,  with  natural  draft,  using  either  skilled  fire- 
men and  a  plain  grate  or  the  average  fireman  with  some  mechanical 
device  for  a  regular  feed  into  the  furnace.  Some  form  of  feed 
water  heater  or  economizer  should  invariably  be  used,  and  some 
tj'pe  of  superheater.  This  provides  for  the  essentials  of  the  fire 
room.  So  far  as  the  engine  is  concerned,  either  a  compound  or  a 
triple-expansion  engine  should  be  used,  depending  upon  the  special 
conditions.  Using  superheated  steam,  the  steam  jacket  should  be 
used  sparingly.  It  might  not  be  necessary  at  all  on  the  high-pres- 
sure cylinder.  Feed  water  heaters  should  also  be  placed  in  the 
line  of  the  steam  exhausting  into  the  condenser.  The  mechanical 
efficiency  is  so  much  a  matter  of  inspection  during  tlie  manufacture, 
and  the  proper  construction  of  the  engine,  that  it  ought  to  take  care 
of  itself. 

DISCUSSION. 

Mk.  II.  F.  Gii'.iis.  Mr.  President,  I  should  like  to  ask  Professor 
HoUis  how  many  liorse  power  can  be  obtained  from  one  pound  of 
coal  containing  1  300. British  thermal  units. 
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Professor  Hollis.  I  should  say  eight  aud  oue  half  times  as  much 
as  we  get  now.  I  have  not  figured  it  that  way  exactly.  I  know  that 
from  one  pound  of  coal  we  realize  1  320  000  foot  pounds.  If  that 
pound  of  coal  was  to  be  burned  in  an  hour  I  should  have  to  take  a 
pencil  and  figure  it  out,  but  I  think  \ye  should  get  a  good  deal  more 
than  we  get  now. 

Mr.  Gibbs.  In  regard  to  jackets  on  jumping  engines,  I  have  one 
Blake  pump, — no  fly  wheel,  —  which,  if  I  shut  off  the  jacket,  will 
shorten  the  stroke  as  much  as  one  and  one-half  inches,  and  nothing 
would  bring  it  up  but  putting  on  the  jacket  again.  I  do  not  get  as 
good  a  vacuum  with  the  jacket  shut  off,  and  the  question  I  should 
like  to  ask  is,  in  the  first  place,  if  these  jackets  are  too  hot  how 
would  a  reducing  valve  work  on  the  jackets  on  the  low-pressure 
cylinder?  You  know  in  the  low-pressure  jackets  you  get  about  the 
same  temperature. 

Professor  Hollis.  I  think  it  ought  to  work  all  right,  but  I  would 
not  presume  to  tell  you  gentlemen  anything  on  that  subject ;  but  on 
general  principles  I  would  put  in  a  reducing  valve  rather  than  use  a 
high-pressure  steam  valve. 

Prof.  Leonard  P.  Kinmcutt.*  I  am  afraid  that  I  have  very  little 
that  is  of  interest  or  new  to  say  on  this  subject.  I  have  listened  to 
Professor  Hollis's  paper  with  great  pleasure,  for  each  year  I  am 
obliged  to  give  twenty  lectures  to  the  mechanical  engineers  of  the 
Worcester  Polytechnic  Institute,  on  fuels  and  the  loss  of  heat' that 
takes  place  in  the  production  of  steam. 

The  three  chief  causes  of  loss  of  calorific  power  when  fuels  are  used 
under  a  boiler  are  —  incomplete  combustion,  heating  of  the  gases  that 
pass  up  the  chimney,  from  the  temperature  of  the  boiler  room  to  the 
temperature  at  which  the  gases  enter  the  chimney,  and  radiation. 

As  to  incomplete  combustion,  the  loss  is  due  to  part  of  the  coal 
falling  unburnt  into  the  ash  pit  with  the  ashes  ;  to  part  of  the  -carbon 
of  the  coal  passing  unburnt  up  the  chimney,  and  causing  the  smoke 
which  has  become  so  noticeable  in  the  air  of  our  cities  during  the 
past  six  months,  and  to  part  of  the  carbon  uniting  to  only  half  the 
amount  of  oxygen  which  it  is  capable  of  uniting  with,  and  conse- 
quently producing  only  about  two  thirds  of  the  amount  of  heat  that 
it  'svould  produce  if  it  all  united  to  the  maximum  amount  of  oxygen. 
The  amount  of  loss  that  may  be  caused  in  these  three  ways  by 
incomplete  combustion  often  equals  from  10  to  15  per  cent,  of  the 

*  Professor  of  Chemistry,  Worcester  Polytechnic  Institute, 
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total  calorific  power  of  the  coal.  Yet  this  loss  can,  as  Professor 
Hollis  has  said,  be  almost  entirely  prevented  by  good  firing  or  stok- 
ing, and  1  also  agree  witli  him  when  he  says  that  he  prefers  a  living, 
thinking  stoker,  who  understands  his  duties,  to  any  mechanical 
device.  ,The  human  stoker  should,  however,  be  trained  for  his 
work,  and  it  is  very  poor  economy  to  employ  a  man  to  fire  our 
boilers  who  has  no  idea  of  the  difference  between  poor  and  good 
stoking. 

In  Germany  careful  attention  is  given  to  the  subject  of  firing,  and, 
as  you  may  know,  in  many  of  the  cities  of  Germany  there  are  schools 
for  the  training  of  stokers.  These  schools  offer  two  weeks'  instruc- 
tion in  stoking  and  the  care  of  boilers.  The  fee  is  only  about  three 
dollars,  and  men  who  have  been  trained  in  this  way  are  greatly  in 
demand.  Similar  schools  in  this  country  would  do  much  not  only  to 
increase  the  efficiency  of  a  boiler  plant,  but  would  also  have  a 
decided  effect  on  the  purity  of  the  air  of  our  cities. 

As  to  the  heat  lost  by  the  heating  of  the  gases  that  pass  into  the 
chimney,  I  liave  found  that  it  is  very  often  greatly  in  excess  of  that 
which  should  take  place  in  good  boiler  practice.  The  loss  is  due 
not  only  to  the  difference  in  temperature  of  the  air  as  it  enters  the 
grate  and  the  temperature  at  which  the  gases  pass  into  the  chimney, 
but  to  the  volume  of  air  that  is  entering  the  grate  and  passing  up  the 
chimney  and  .to  the  composition  of  this  gaseous  mixture.  The 
amount  of  air  that  enters  the  grate  can  be  easily  controlled  by  a 
good  stoker.  Theoretically,  eleven  and  one-half  pounds  of  air  are 
necessary  for  the  perfect  combustion  of  a  pound  of  carbon,  but  in 
practice  we  find  that  we  must  use  a  little  more  than  this,  say  from  four- 
teen to  sixteen  pounds.  Anything  beyond  this,  however,  is  causing 
unnecessary  loss  of  heat,  and  a  little  care  in  this  direction  may  make 
a  very  decided  difference  in  the  coal  bills.  The  composition  of  the 
gaseous  mixture  as  it  enters  the  chimney  also  makes  a  great  differ- 
ence in  the  heat  required  to  raise  a  given  volume  of  the  gas  through 
a  given  number  of  degrees.  This  loss  is  caused,  as  you  all  know,  by 
the  fact  that  it  takes  more  heat  to  raise  a  given  volume  of  nitrogen 
and  oxygen  through  a  given  number  of  degrees  than  it  does  the 
same  volume  of  carbon  dioxide.  A  gaseous  mixture  of  nitrogen, 
oxygen,  and  carbon  dioxide  containing  only  7  per  cent,  of  carbon 
dioxide  will  require  75  per  cent,  more  heat  to  raise  it  a  given 
number  of  degrees  than  the  same  volume  of  gaseous  matter  contain- 
ing 14  per  cent,  of  carbon  dioxide    will   require.     It  may  well    be 
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asked,  How  can  a  stoker  tell  the  composition  of  the  gaseous  mixture 
passing  up  the  chimney,  and  govern  his  fire  accordingly  —  he  is  not 
a  chemist,  and  is  not  expected  to  know  about  gases  or  their  analyses? 
This  is  all  true,  but  there  is  a  very  simple  device,  described  first,  I 
think,  by  Professor  Hempel,  of  Dresden,  which  can  be  attached  to 
any  boiler,  by  means  of  which,  by  merely  noticing  the  height  of  a 
candle  flame,  burning  in  a  tube  containing  an  index  card,  and 
through  which  a  very  small  portion  of  the  gaseous  mixture  as  it 
enters  the  chimney  passes,  the  amount  of  carbon  dioxide  can  be 
immediately  read  off.  The  larger  the  amount  of  carbon  dioxide 
the  gases  contain,  the  longer  will  the  candle  flame  be  drawn  out. 

If  there  was  only  some  way,  as  Professor  Hollis  has  stated,  of 
supplying  pure  oxygen  cheaply  to  the  fuel,  instead  of  having  to 
supply  it  in  the  form  of  air  which  contains  only  21  per  cent,  of 
oxygen  and  79  per  cent,  of  nitrogen,  a  very  great  saving  of  heat 
would  be  possible.  At  the  present  time,  however,  there  is  no  prac- 
tical way  of  supplying  oxygen  except  by  using  air.  Some  day  it 
may  be  possible  to  do  so,  just  as  at  the  present  time  we  are  able  to 
burn  aluminum  in  oxygen  not  taken  from  the  air  but  taken  directly 
from  a  compound  of  magnesium  and  oxygen,  known  as  magnesium 
oxide,  and  thus  obtain  very  high  temperatures.  There  are  many 
compounds  of  oxygen  and  metals,  like  iron  oxide',  which  occur 
abundantly  in  nature,  and  it  is  interesting,  at  least  theoretically,  to 
consider  if  some  day  it  will  not  be  possible  to  burn  our  fuels  by 
means  of  metallic  oxides,  thus  saving  the  large  amount  of  heat  that 
is  now  required  to  heat  the  79  per  cent,  of  nitrogen  that  is  mixedi 
with  the  oxygen  in  the  air. 
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WASTE  hp:at  engines. 

BY    PROF.    EDWARD    F.    MILLER,    MASSACHUSETTS    INSTITUTE    OF 
TECHNOLOGY,    BOSTON. 

[Presented  November  12,  1902.] 

The  best  steam  engines  of  to-day  utilize  in  the  form  of  work  but 
from  20  to  25  per  cent,  of  the  heat  supplied  to  the  high-pressure 
cylinder.  Even  at  these  low  figures  the  engines  are  giving  about  80 
per  cent,  of  the  efficiency  of  the  theoretically  perfect  engine. 

The  theoretically  perfect  engine,  or  the  Carnot  engine,  as  it  is 
-called,  has  no  losses  from  friction,  radiation,  or  absorption  of  heat 
by  the  pistons  and  cylinder  walls.  Its  efficiency  is  found  to  be 
independent  of  the  working  medium  used,  whether  steam,  air,  car- 
bonic-acid gas,  sulphurous  anhydride  gas,  or  any  other  substance, 
but  to  depend  simply  on  the  range  of  temperature  worked  through 
and  the  absolute  temperature  of  the  supply. 

This  may  be  illustrated  by  an  example  :  — 

Let  us  take  a  steam  engine  using  steam  at  150.3  pounds  gage  or 
165  pounds  absolute  pressure  and  exhausting  at  26  inches  vacuum 
or  at  2  pounds  absolute  pressure,  and  find  the  efficiency  of  the  per- 
fect engine. 

The  temperature  of  the  incoming  steam  is  365.9°  F.,  or  T  =  826.6° 
absolute;  that  of  the  exhaust  is  126.3°  F.,  or  T=  587°  absolute. 
These  values  are  found  in  steam  tables. 

T  — T 

supply  exhaust         826.6 — 587 

The  efficiencv  = ^ = ^kt^ =  29  per  cent. 

1  O/D.O 

supply 

The  actual  engine,  on  account  of  radiation,  cylinder  condensation, 
and  otlier  losses,  realizes  but  80  per  cent,  of  this  and  has  a  thermal 
efficiency  of  23  per  cent.  It  is  evident  that  to  get  an  efficiency  of 
100  per  cent.,  even  for  the  perfect  engine,  all  the  heat  supplied  must 
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be  transformed  into  work ;  that  is,  the  engine  must  exhaust  no  heat. 
The  equation  for  efficiency  may  be  written,  — 

Q  —  Q  T  —  T 

supply  exhaust  supply  exhaust 


Q  -  T 

supply  supply 

An  engine  which  exhausts  no  heat  would  evidently  have  the  value 
T  =  0,  or  the  temperature  of  the  lower  limits  of  the  cycle 

exhaust 

would  be  460.7°  below  0°  F.  This  shows  that  it  is  impossible  to 
attain  a  high  efficiency  because  there  must  necessarily  be  a  large 
amount  of  heat  exhausted  to  the  condenser.  The  efficiency  may  be 
increased  by  raising  the  value  T  in  the  equation  for  efficiency 

supply 

or  by  making  the  value  T  lower, 

exhaust 

In  Germany  steam  superheated  300°  F.  is  in  quite  general  use. 

A  calculation  for  the  preceding  case  with  the  steam  superheated 
300°  gives  for  the  perfect  engine,  — 

1  136.6  —  587       ,o 

Efficiency  =  ,  ,  ,,.  ^ —  =  48  per  cent. 

1  l2o.b 

or  48  X  .80  =  38  per  cent,  for  the  actual  engine. 

To  obtain  this  high  degree  of  superheating,  a  special  superheater 
with  furnace  is  required,  and  the  extra  cost  in  heat  of  the  superheated 
steam  should  be  considered  when  a  comparison  is  made  with  an 
engine  using  satui*ated  steam. 

It  is  only  recently  that  attempts  have  been  made  to  increase  the 
efficiency  of  an  engine  by  reducing  the  temperature  of  the  exhaust 
heat.     It  is  of  this  work  that  I  wish  to  speak. 

Prof.  E.  Josse,  of  the  Konigliche  Technische  Hochschule  of  Serlin, 
has,  during  the  last  two  years,  perfected  an  engine  in  which  the 
heat  of  the  exhaust  of  the  low-pressure  cylinder  is  absorbed  by 
sulphurous  anhydride  (SOo),  which  is  used  in  the  place  of  the  cooling 
water  in  a  surface  condenser.  The  SO^  is  vaporized  by  the  heat 
given  up  by  the  condensation  of  the  exhaust,  and  its  vapor  is  used 
in  a  separate  cylinder  just  as  steam  would  be  used. 

The  SO2,  after  leaving  its  cylinder,  is  condensed  under  pressure 
in  a  water-cooled  surface  condenser.     The  liquid  SO2  is  returned  to 
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the  vaporizer  by  a  small  pump,  thus  making  the  cycle  complete. 
The  sketch,  Fig.  1,  will  serve  to  show  the  general  arrangement  of 
such  a  combined  engine. 


Steam  Condenser 

SO  Voipo^rizer   ^^  To  Air  Fump 

Liguid SO^^Ji^^^^^^  SO,  I42r.  175  Lbs 


Cooling  Wafer 


SO^  Exhaust  irr,  35 Lbs 


Fig.  1. 


It  may  be  interesting  here  to  look  at  the  pressure  curves  and  total 
heat  values  of  80.  and  of  steam,  which  are  plotted  on  the  same  dia- 
gram. Fig.  2  (see  opposite  page).  At  100°  F.  the  pressure  of  SOj 
is  85  pounds  absolute;  at  160°  F.  the  pressure  of  SO^  is  220  pounds 
labsolute,  while  that  of  steam  is  only  4.7  pounds  absolute. 

If  in  an  ordinary  surface  condenser  the  temperature  of  the  hot 
condensing  water  was  100°  F.  (a  temperature  commonly  found)  the 
substitution  of  SOo  for  tlie  water  would  give  a  pressure  of  85  pounds 
absolute.  If  the  cooling  water  left  is  160°  F.  it  would  not  be  pos- 
sible* to  maintain  a  very  great  vacuum,  but  with  SOo  used  in  place  of 
the  water  the  pressure  obtained  would  be  220  pounds  absolute,  an 
increase  of  135  pounds  for  60°  increase  in  temperature. 

If  the  cooling  water  leaving  the  SO^  condenser  is  at  70°  F.,  then 
the  SO2  will  be  liquefied  at  48  pounds  absolute  pressure.  This 
temperature  fixes  the  back  pressure  on  the  SO2  cylinder. 

Assuming  that  the  SOo  was  condensed  at  70°  F.,  what  has  been 
.the  gain?     Take  first  the  steam  engine  using  saturated  steam  at  165 
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pounds  absolute  and  with  26  inches  vacuum,  we  found  the  perfect 
engine  had  29  per  cent,  efficiency. 

By  the  use  of  SO2  the  lower  temperature  of  the  cycle  has  been 
changed  from  126.3°  to  70°,  a  drop  of  56°. 

The  efficiency  figures        'p~^ — '—  =  36  per  cent,  as  against  29. 


826.6 
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20    40   60    80  100  120  140  160  180 
Temperature    "F 
Fig.  2. 
Applying  the  SO.  cylinder  to  the  same  engine  using  steam  of  the 
same  pressure  but  superheated  300°  F,  we  have 


1  126.6  —  530.7 


1  126.6 


53  per  cent. 


as  against  48  per  cent. 
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If  the  cooling  water  should  leave  the  condenser  at  a  temperature 
lower  than  70°  F.  the  back  pressure  on  the  SO2  cylinder  would  be 
less,  more  work  would  be  done  in  that  cylinder,  and  the  efficiency 
would  be  greater. 

The  results  of  a  number  of  tests  on  this  engine  are  given  in  the 
table  on  the  opposite  page.  The  indicator  cards  from  the  engine 
are  reproduced  on  the  diagram.  Fig.  4,  for  test  No.  8.  It  will  be 
noticed  that  the  vacuum  on  the  low-pressure  cylinder  is  not  as  great 
as  commonly  used  on  steam  engines.  In  this  case  the  vacuum  used 
is  about  20  inches,  or  a  68.5  per  cent,  vacuum,  as  it  is  called.  It 
has  been  found  by  experiment  that  although  the  steam  engine  gives 
more  power  with  a  high  vacuum,  it  is  better  to  run  with  a  less  vacuum 
when  combined  with  an  SO,  cylinder.  The  extra  power  obtained 
from  the  SO.,  cylinder  more  than  offsets  the  loss  due  to  the  poorer 
vacuum.  The  precise  amount  of  vacuum  for  an  engine  would  have 
to  be  determined  experimentally,  but  it  is  probable  that  it  would  be 
about  70  per  cent. 


150 
125 
lOO-l 

75 

50 

25 


^514° F 

Combined  Diagrams 

Steam  and  50^ 
JesiHo.d  68.5% Vac. 


21 9° F 


142°  F 


'^0^  Diagram-Scale  of  Low. 
Fig.  3. 


7/r 

SO^Cyl.  Volume 
Afmos. 
Vac  Line 

7ir 


Fig.  4. 


The  combined  diagrams,  Fig.  3,  show  the  range  of  temperature 
and  of  pressure  worked  through  by  each  cylinder  and  the  relative 
volumes  of  the  cylinders. 

The  figure  above  and  at  the  right  in  Fig.  3  is  the  SO2  indicator 
card  shown  on  Fig.  4,  reduced  to  the  same  scale  of  volumes  and  scale 
of  pressures.  The  figure  at  the  bottom  under  the  low-pressure  dia- 
gram shows  the  same  card  with  pressures  reduced  in  the  ratio  of 
volume  of  the  low-pressure  cylinder  to  the  volume  of  the  SO2  cylin- 
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der.     It  shows  the  pressure  needed  in  a  cyUnder  of  the  same  size  as 
the  low  to  do  the  same  work  as  is  done  in  the  SOg  cylinder. 

Sulphurous  anhydride  does  not  attack  iron  or  composition. 

The  SOo  cylinder  does  not  require  cylinder  oil,  as  the  SO2  vapor  is 
of  a  greasy  nature. 

SO2  when  combined  with  water  makes  sulphurous  acid  ;  there  is, 
however,  no  danger  from  any  acid  formed,  for  should  the  vaporizer 
or  the  condenser  leak,  the  SOo  being  under  the  greater  pressure 
would  escape  into  water,  which  is  constantly  changing. 

APPLICATIONS    OF    THE    WASTE    HEAT    ENGINE. 

Besides  its  use  in  connection  with  the  steam  engine,  the  SOo  cylin- 
der, vaporizer,  and  condenser  may  be  used  to  recover  some  of  the 
waste  heat  of  the  exhaust  of  gas  engines,  to  recover  some  of  the 
heat  from  the  flue  gases  leaving  a  battery  of  boilers,  etc. 

The  gas  engine,  as  it  is  now  used,  has  a  higher  thermal  efficiency 
than  the  steam  engine.  The  exhaust  pipe  of  a  gas  engiue  is  fre- 
quently of  a  dull  cherry  red  color,  showing  that  there  is  a  large 
amount  of  heat  lost.  If  now  this  heat  is  taken  up  by  SOo  and  some 
power  gotten  from  it,  it  would  seem  that  the  combination  of  gas 
engine  and  SO^  waste-heat-saving  engine  would  be  far  more  eco- 
nomical than  the  Diesel  motor  on  the  steam  engine  using  highly 
superheated  steam  with  waste-heat  cylinder  attached. 

From  estimates  as  to  the  relative  cost  of  a  steam  plant  of  200 
horse  power,  including  boilers,  tandem  compound  condensing  engine, 
piping,  etc.,  all  complete  ready  to  run,  and  of  a  gas-producer  plant 
of  200  horse  power  with  generator,  gas  engine,  waste-heat  engine 
outfit,  including  piping  and  SOo  supply,  it  seems  that  the  latter  is 
cheaper  by  a  few  hundred  dollars. 

DISCUSSION. 

PjjESiDENT  Merrill.  Professor  Miller's  very  interesting  paper  is 
now  open  for  discussion. 

Mr.  Freeman  C.  Coffin.  I  should  like  to  ask  if  the  only  addi- 
tional cost  of  running  is  the  cost  of  running  the  pump  to  return  the 
SOo  to  the  vaporizer,  aside  from  the  additional  first  cost  and  a  slight 
leakage  of  SOo. 

Professor  Miller.  Yes  ;  there  is  one  point  more.  By  referring 
to  the  pressure  temperature  curve  of  SO2  you  will  notice  that  after 
you  get  to  about  109°  F.  the  curve  rises  steeper  than  it  does  at  the 
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first  part.  That  means  you  can  get  greater  pressure  in  3'our  SO.. 
cylinder  if  you  carry  less  vacuum  and  consequently  a  higher  tem- 
perature of  the  discharge  from  the  low-pressure  cylinder.  It  is 
a  matter  which  has  to  be  determined  for  each  particular  engine  — 
what  is  the  best  vacuurti  for  the  output,  but  as  far  as  these  engines 
have  been  tested  the  best  vacuum  for  economy  is  in  the  vicinity  of 
70  per  cent. 

Mr.  Coffin.  One  more  question.  You  speak  of  the  etficiency 
of  the  gas  engine  as  not  varying  much  with  the  load  ;  is  that  effi- 
ciency based  on  the  indicated  horse  power  or  the  actual  ? 

Professor  Miller.  On  the  indicated  power;  the  engine  friction, 
being  practically  constant  for  the  various  loads,  becomes  a  smaller 
percentage  with  increased  power. 

Mr.  Coffin.  The  effect  is  quite  different  for  a  light  load,  I 
suppose,  between  indicated  and  actual  power. 

Mr.  George  F.  Chace.  Do  I  understand  that  the  sulphurous 
anhydride  in  any  way  comes  in  contact  with  the  steam  ? 

Professor  Miller.  Surface  condensers  are  used  in  each  case, 
the  SOo  being  on  one  side  of  the  pipes  and  the  steam  on  the  other. 

The  President.  Have  you  anything  to  say  on  the  subject,  Pro- 
fessor Kinnicutt? 

Prof.  Leonard  P.  Kinnicutt.  I  wish  to  ask  a  question.  Has 
any  substitution  for  SO2  been  tried? 

Professor  Miller.  I  do  not  know  that  any  substitution  has 
been  tried.  There  are  other  mixtures  that  might  be  tried,  such  as 
are  used  for  refrigerating  work. 

Professor  Kinnicutt.  For  what  price  can  it  be  bought  in  this 
country  ? 

Professor  Miller.     I  do  not  know  what  price  it  is  sold  for. 

Mr.  R.  S.  Weston.  May  I  ask  Professor  Miller  how  much  SO. 
it  takes  per  horse  power? 

Professor  Miller.  I  do  not  know  as  I  can  give  you  the  exact 
figures,  but  I  do  not  think  you  would  need  much  more  than  a  thou- 
sand pounds  (enough  to  charge  the  apparatus)  for  100  horse  power. 
There  is  always  a  reserve  of  liquid  that  does  not  vaporize,  so  you 
have  quite  a  little  spare  liquid  that  can  be  called  upon  in  case  of  a 
sudden  leakage. 
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PRACTICAL  AND  THEORETICAL  PRECISION  IN   EVERY- 
DAY LIFE. 

BY    WILLIAM    B.    SHERMAN,    PROVIDENCE,    R.   I. 

[Presented  December  in,  1902.] 

So  long  a  time  has  elapsed  since  I  have  had  the  pleasure  of  being 
present  at  one  of  these  gatherings,  and  for  this  reason  being  a 
stranger  to  most  of  you,  it  was  with  a  great  deal  of  reluctance  that  I 
accepted  the  kind  invitation  of  your  Secretary  to  say  a  few  words  at 
one  of  the  winter  meetings.  I  shall  not  give  you  any  finished  paper 
on  water ;  and,  although  this  informal  talk  had  to  have  a  title,  I 
crave  your  indulgence  if  I  digress  from  the  subject. 

As  the  world  goes,  many  of  us  are  too  precise  and  over-exact  in 
our  everyday  calculation,  and  others  there  are  who  are  not  particu- 
lar enough;  I  believe  there  is  a  middle  line.  We  should  use  tact, 
common  sense,  and  good  judgment  in  applying  the  proper  accuracy 
to  the  subject  in  question  in  order  to  attain  in  the  simplest  manner 
possible  the  desired  result.  Often  we  pay  too  much  attention  to  the 
smallest  and  most  trivial  details,  and  in  this  way  fail  to  grasp  the 
large  rounded-up  whole  which  we  wish  to  accomplish. 

A  noted  poet  in  one  of  his  stanzas  said  something  like  this  : 
"  For  every  one  that  dies  another  soul  is  born."  Babbage,  the  well- 
known  mathematician,  with  no  poetry  in  his  being,  but  keenly  sensi- 
tive to  precise,  accurate  data,  wherever  found,  took  the  poet  to  task, 
correcting  this  general  statement  to  read,  "  For  every  one  that  dies 
one  and  one  third  are  born."  Now  we  read  poetry  for  the  beauties  of 
expression  and  thought  which  it  contains,  not  for  chronological  data, 
knowing  full  well  that  the  author  claims  free  license  to  juggle  with 
facts  and  figures  in  any  way  he  sees  fit  that  he  may  give  rliythm  to 
his  metrical  verse;  and,  on  the  other  hand,  we  take  up  Babbage's 
logarithms  not  for  poetry's  sake,  but  to  facilitate  the  solution  of 
long,  tedious  calculations  which  we  desire  to  have  most  accurate  and 
precise. 

In  this  case  I  think  the  correction  was  uncalled  for.  I  believe 
there  is  a  middle  line. 
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Some  ten  or  twelve  years  ago  I  was  actively  connected  with  a  very 
interesting  court  case  which  from  its  peculiarity  gained  some  noto- 
riety at  the  time  —  The  Lynn  Gas  &  Electric  Company  against  23 
Insurance  Companies :  the  plaintiffs  claimed  that  a  fire  caused 
short-circuiting,  the  breaking  of  pulleys,  and  the  wrecking  of  the 
main  engine,  while  the  defendants,  taking  the  opposite  view,  claimed 
that  the  engine  raced  and  finally  went  to  pieces,  and  the  fire  was  the 
result.  The  late  eminent  engineer,  Charles  E.  Emery,  of  New  York, 
was  retained  by  the  defence  as  an  expert  witness.  He  made  an 
elaborate  and  exhaustive  calculation  as  to  the  exact  time  it  would 
take  for  the  engine  to  reach  the  limits  of  centrifugal  force  and  go  to 
pieces,  massing  into  one  unit  all  of  the  moving  parts,  including  the 
jack  shaft  and  its  pulleys,  and  stated  as  a  fact  that  the  engine  under 
its  accelerating  speed  would  be  destroyed  in  a  certain  definite  time. 
Mr.  Moody,  the  present  Secretary  of  our  Navy,  commenced  his  cross 
examination  something  like  this  :  "  Mr.  Emery,  I  wish  to  be  cor- 
rect in  my  notes  and  desire  that  you  assist  me.  —  I  am  not  quite  sure 
whether  you  said  the  engine  would  go  to  pieces  in  1  minute  47.2 
seconds,  or  1  minute  47.3  seconds."  This  exact  theoretical  testi- 
mony was  placed  in  so  ludicrous  a  light  before  the  jury  by  the  cross 
examining  attorney  that  its  value  was  entirely  lost.  There  is  surely 
a  middle  line. 

Regarding  expert  testimony,  a  well-known  judge,  at  a  recent  din- 
ner given  in  one  of  our  leading  New  England  cities,  stated:  "In 
many  sections  of  the  country,  and  in  the  minds  of  many  people,  there 
has  arisen  a  most  violent  opposition  to  expert  testimonj'  and  a  com- 
plete loss  of  confidence  in  its  value." 

I  have  in .  my  collection  a  drawing  made  in  an  engineer's  office 
which  shows  the  layout  of  two  batteries  of  boilers  in  brickwork,  with 
the  linear  measurements  carried  out  to  four  places  of  decimals,  — to 
the  ten-thousandth  part  of  a  foot.  Now  1-10000  part  of  a  foot  is 
about  1-1000  of  an  inch,  or  to  be  more  accurate  and  precise,  1-833  of 
an  inch.  In  good  practical  everyday  work  we  do  not  attempt  to  set 
bricks  and  rough  boiler  castings  so  precisely  as  that. 

I  have  been  greatly  interested  in  the  work  of  your  committee  ap- 
pointed to  prepare  a  standard  set  of  specifications  for  cast-iron  pipe, 
and  in  the  discussion  by  the  members.  In  other  lines  of  mechanical 
work  standards  have  been  adopted  and  have  been  proven  of  great 
value  to  all  parties  in  interest.  AVhy  not  have  a  standard  for  pipe, 
which  is  one  of  your  largest  yearly  expenditures  ?     If  all  users  of  pipe 
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Id  this  country  would  agree  ou  a  standard  specification  a  great  advance 
would  be  made  —  prices  would  be  less  and  deliveries  more  prompt. 
The  great  obstruction  to  the  carrying  out  of  the  plan  will  be  that 
many  engineers  have  pet  ideas  as  to  how  pipe  should  be  made,  and 
will  be  very  loath  to  give  them  up.  The  introduction  of  these  special 
requirements  adds  greatly  to  the  cost,  for  the  foundryman  must  charge 
up  his  extra  expense  to  somebody  other  than  himself.  This  is  a  time 
of  combination  in  many  lines — assume  for  the  moment  that  all  of 
the  water  works  in  this  country  were  brought  under  one  manage- 
ment :  the  engineer  of  such  an  amalgamation  would,  it  goes  without 
saying,  be  selected  from  the  foremost  rank  of  the  profession  ;  he 
would  have  standard  specifications  for  everything  in  the  way  of 
material  required,  including  pipe,  in  which  only  his  own  whims 
would  be  introduced,  it  might  be  for  long  bells  or  short  bells, 
i^-iuch  or  3/s'mch  lead  joint,  and  other  specialties  to  his  own  taste, 
but  they  would  be  standard  for  the  ivhole  country;  and  I  have  not 
the  slightest  doubt  that  water  would  be  distributed  to  all  of  the 
consumers  in  these  United  States  as  efficiently,  and  as  economically, 
■as  now. 

In  passing  I  would  say  that  some  thirty  years  ago  the  city  of  Fall 
Hiver  started  with  four  classes  of  weights  of  pipe,  making  the  outside 
-diameter  constant  for  all  of  the  same  nominal  diameter. 

Meters  are  another  and  very  necessary  adjunct  to  make  complete  a 
system  of  public  water  supply,  and  should  be  more  extensively  used. 
Water  is  a  merchantable  article  when  distributed  through  pipes,  de- 
livered to  the  consumer  in  the  same  manner  as  illuminating  gas,  and 
should  be  paid  for  in  the  same  way,  that  is,  by  measurement.  Why 
they  are  not  attached  to  every  service  pipe  is  obvious  —  the  fiirst 
cost,  cost  of  maintenance  and  large  outlay  for  frequent  testing,  make 
their  general  adoption  expensive.  With  no  meter  we  let  the  con- 
sumer draw  as  he  likes  ;  but  when  we  install  a  meter  we  insist  on 
having  a  mechanism  that  will  test  to  within  a  small  percentage  both 
for  full  pipe  and  needle  stream.  I  believe  that  in  this  matter  of 
meters  there  is  a  middle  line  which  we  should  strive  to  attain.  The 
first  cost  could  be  reduced,  and  the  durability  of  meters  greatly  in- 
creased, if  we  would  be  content  with  a  registration  say  within  7  or 
S  per  cent.,  always  in  favor  of  the  consumer.  If  we  can  reduce  the 
cost  of  the  meter  system  by  being  less  exacting  in  our  requirements, 
then  apply  the  saving  to  the  purchase  and  placing  of  additional 
meters,  we  will  have  made  a  radical  move  in    the  right  direction. 


SHERMAN.  55 

With  a  reduction  of  say  25  per  cent.,  one-third  more  meters  could  be 
added  for  the  same  money. 

When  the  Brooklyn  bridge  was  first  opened  to  the  public  a  tariff 
was  made  for  foot  travelers,  but  it  was  soon  found  that  the  expense 
of  collecting  the  pennies  exceeded  the  revenue,  and  the  bridge  was 
made  free.  This  was  purely  a  business  proposition  quickly  met,  and 
the  meter  question  may  be  met  as  promptly  in  a  similar  way  :  bring 
down  the  cost  by  adopting  a  low-priced  yet  durable  meter  that  will 
answer  our  purpose  for  the  majority  of  consumers,  instead  of  asking 
for  a  mechanical  detective  of  watch-like  accuracy  and  precision  in  its 
construction,  whose  use  is  to  round  up  the  few  who  allow  small  leaks 
to  continue  or  the  lesser  few  who  may  endeavor  to  procure  water  at 
no  cost  whatever. 

In  these  remarks  I  do  not  wish  to  be  understood  as  decrying  theo- 
retical formulae  or  close  calculations  —  they  have  their  proper  place; 
but  I  think  most  of  you  will  agree  with  me  that  sound  judgment 
based  on  practical  experience  takes  the  front  rank  and  serves  as  a 
wholesome  check  to  theory. 

The  late  George  H.  Corliss,  inventor  of  the  Corliss  engine,  once 
told  me  of  his  early  experience  in  determining  the  proper  thickness 
of  a  steam  cylinder.  For  information  on  the  subject  he  turned  to 
Tredgold,  then  the  great  authority.  He  went  on  smoothly  for  several 
pages,  following  the  calculations  and  reasonings,  and  felt  elated  that 
the  information  was  being  so  easily  reached.  On  reading  the  closing 
paragraph,  however,  which  stated  that  '•  in  order  to  meet  all  uncer- 
tainties of  the  assumptions  in  the  foregoing  calculation,  it  will  be  well 
to  double  the  result  last  obtained,"  he  said  he  closed  the  book  and 
never  referred  to  it  again. 

This  Association  has  had  an  existence  of  some  twenty  years  and 
now  has  a  membership  of  600,  representing  over  230  different  water 
works  throughout  the  country.  During  all  this  time  between  200 
and  250  papers  on  a  multitude  of  subjects  bearing  more  or  less  closely 
on  the  business  in  which  you  are  engaged  have  been  presented  ;  and 
while  many  of  them  have  given  a  detailed  account  of  someone  feature 
of  a  water-works  system,  only  about  20  of  them  have  been  descrip- 
tive, as  a  whole,  of  the  works  which  you  represent. 

Now,  this  is  an  age  of  specialists.  There  was  a  time  when  the 
successful  civil  engineer  was  supposed  to  be  competent  to  lay  out 
railroads,  design  bridges,  water  and  gas  works,  sewerage  systems, 
foundations,  etc.      All  this  is   changed  —  to-da}'  men   devote  their 
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entire  time  and  energy  to  some  particular  brancli  of  the  profession, 
and  you  are  specialists  in  your  line  ;  the  majority  of  you  being  super- 
intendents of  water  works  engaged  in  the  practical  work  of  construc- 
tion or  maintenance,  or  engineers  designing  such  works.  I  should 
like  to  see  printed  in  our  valuable  Journal  a  description  of  each 
water  works  represented  in  this  Association. 

Dr.  Johnson  said  that  knowledge  is  of  two  kinds  :  we  know  a  sub- 
ject ourselves  or  we  know  where  we  can  find  information  about  it. 

I  would  suggest  making  the  description  in  condensed  form,  avoid- 
ing details,  simply  naming  the  salient  and  peculiar  features  of  the 
system. 

Data  such  as  this  would  place  us  in  possession  of  information 
which  could  be  followed  up  as  each  might  desire  ;  we  should  then 
know  where  to  seek  light  and  knowledge  from  our  brothers'  experience. 

I  suggest  brevity  in  these  descriptions,  for,  as  you  probably  know 
from  experience,  a  lengtliy  paper  sometimes  becomes  tedious,  espe- 
cially if  the  reader  is  anxiously  searching  for  some  particular  solacing 
morsel  which  he  desires  to  absorb  ;  and  this  puts  me  in  mind  of  an 
anecdote  of  Lincoln,  which  many  of  you  may  be  familiar  with,  but 
being  pertinent,  I  will  risk  repeating  it :  when  he  was  handed  a 
voluminous  report  by  a  congressional  committee  on  the  examination 
of  a  new  gun,  the  great  man  said  :  "  When  I  send  a  man  to  examine 
a  hoi'se  I  expect  him  to  give  me  his  points  ;  not  how  many  hairs  he 
has  in  his  tail.     I  should  want  a  new  lease  of  life  to  read  all  this." 

DISCUSSION. 

Mr.  Edward  Atkinson.  Mr.  President,  a  gentleman  once  came 
to  me  to  get  some  figures  ;  after  I  had  given  them  to  him  he  said, 
"  I  suppose  you  know  what  a  reputation  you  have  ?  "  I  said  I  did  n't, 
but  should  like  to.  "Well,"  he  said,  "  there  is  a  common  saying 
that  there  are  liars,  damned  liars,  and  statisticians."  Said  I,  "  My 
friend,  figures  never  lie  unless  liars  make  the  figures."  That  old 
saying  has  been  lately  changed,  its  present  form  is,  "  Liars,  damned 
liars,  and  experts."     [Laughter.] 

The  gentleman  speaks  of  the  meter  system.  I  helped  carry  an 
ordinance  through  the  town  meeting  in  Brookline  for  a  meter  system 
for  all  private  consumers ;  within  two  years  after  that  I  had  evidence 
of  the  benefit  of  it  to  my  cost  and  to  the  saving  of  the  town.  I  paid 
my  bills  by  my  m^ter  ;  one  quarter  the  bill  was  'way  up,  and  the 
next  three  months  it  went  higher  yet.     Then  I  dug  up  the  pipe  from 
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my  house  to  my  stable,  and  I  found  a  leak  which  might  never  have 
been  discovered  except  for  the  meter. 

As  to  the  standardizing  of  pipes,  pipes  are  standardized  in  Eng- 
land at  certain  lengths,  and  when  certain  good  friends  of  mine  got  a 
big  contract  for  a  great  water  service  in  Australia,  the  engineers  in 
charge  of  putting  it  in  took  exception  to  the  pipes  because  they  were 
two  feet  longer  than  the  English  standard,  and  agreed  to  pay  for  the 
cost  of  cutting  off  the  two  feet  rather  than  to  disturb  the  standard. 

There  is  one  little  incident  which  comes  to  my  mind  on  the 
reference  made  by  the  speaker  to  Dr.  Johnson.  The  last  remark 
I  ever  heard  about  Dr.  Johnson  was  this:  "That  the  P^uglish  lan- 
guage held  a  very  unauthorized  position  until  Dr.  Johnson  published 
his  dictionary."     [Laughter.] 
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THE  RELATION  OF  WATER-WORKS  ENGINEERS  TO  THE 
FIRE  SERVICE  OF  FACTORIES. 

BY  EDWARD  ATKINSON,  PRESIDENT  BOSTON  MANUFACTURERS    MUTUAL 
FIRE  INSURANCE  CO.,   BOSTON,  MASS. 

[Presented  December  10,  1902.] 

Gentlemeyi,  —  I  am  glad  to  meet  you  aud  to  say  a  few  words  upon 
one  of  the  most  important  problems  of  the  day  —  the  saving  of  the 
natiou  from  the  ruthless  waste  by  fire,  perhaps  the  greatest  waste  of 
a  wasteful  people.  The  mere  ash  heap,  standing  for  absolute  de- 
struction, averages  $150,000,000  a  year;  the  cost  of  distributing 
this  loss  through  insurance  companies  comes  to  about  $80,000,000 
more  ;  the  support  of  fire  departments  beyond  any  reasonable  need, 
and  the  excess  of  water  supply  for  the  sole  purpose  of  furnishing 
fire  protection,  carries  the  annual  fire  tax  to  about  $250,000,000. 
This  sum  is  equal  to  at  least  15  per  cent,  of  the  possible  profit 
-of  the  country  in  a  prosperous  year  ;  often  it  amounts  to  a  larger 
proportion. 

The  contracts  of  insurance  against  loss  by  fire  amounted  in  1901 
to  $25,000,000,000,  of  which  the  Factory  Mutual  System  carried 
only  $1,200,000,000. 

In  this  latter  system  I  have  been  interested,  first,  as  an  active 
director  from  1863  to  1878,  and  since  1879  as  the  president  of  the 
largest  company,  now  carrying  risks  for  a  fraction  under  $160,000,- 
000.  In  this  I  am  but  the  administrator,  but  with  the  aid  of  such 
men  as  John  R.  Freeman,  Joseph  P.  Gray,  E.  V.  French,  and  others, 
representing  every  branch  of  engineering,  we  have  developed  an 
applied  science  in  the  prevention  of  loss. 

You  are  used  to  figures  and  you  know  what  they  mean.  When  I 
tell  you  that  the  annual  loss  outside  of  our  lines  is  sixty  cents  per 
hundred  dollars  of  the  insured  value,  and  that  the  expense  of  con- 
ducting the  insuVance  companies  is  thirty-three  to  forty-five  cents, 
averaging  forty  ;  while  in  our  system  the  average  loss  for  seven  years 
has  been  less  than  four  cents,  and  the  annual  expenses,  including 
our  whole  scientific  department,  less  than  six  cents,  making  a  total 
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of  ten  cents  against  one  hundred,  you  can  make  some  estimate  of 
the  many  millions  which  may  be  saved  by  the  Mutual  System. 

It  is  in  this  effort  and  in  the  work  which  we  are  now  doing  to 
•extend  our  methods  and  to  conduct  what  we  sometimes  call  our 
"Missionary  Department"  that  we  ask  your  cooperation.  There 
are  few  organized  bodies  of  specially  trained  men  who  can  do  more 
than  you  can. 

I  shall  not  speak  of  the  technicalities  of  your  profession,  —  for  that 
I  am  not  competent,  —  but  I  will  try  to  bring  its  importance  before 
you  by  presenting  the  whole  case  from  my  own  point  of  view.  I 
hope  I  may  succeed,  but  I  realize,  as  probably  few  men  can,  how 
many  aspects  the  same  problem  may  have  when  regarded  from 
different  standpoints. 

It  is  your  duty  to  prevent  a  waste  of  water,  in  many  cases  filtered 
water,  necessarily  supplied  at  an  increased  cost.  It  is  my  function 
to  assure  the  most  abundant  supply  of  water,  and  to  provide  for  its 
lavish  use  when  the  emergency  comes.  You  are  obliged  to  consider 
the  increased  cost  of  pumping,  and  my  function  is  to  provide  for  a 
static  pressure  from  the  reservoirs  under  your  charge  that  will  draw 
most  heavily  upon  them.  Yet  in  recent  years  and  in  all  our  insured 
works  we  have  done  much  to  save  water  by  the  installation  of  the 
automatic  sprinklers,  through  which  the  least  volume  of  water  does 
the  most  effective  service.  In  that  way,  you  will  observe,  we  are 
cooperating  with  you,  and  we  may  ask  you  to  join  with  us  in  making 
this  means  of  preventing  loss  more  certain  and  more  efficient. 

In  dealing  with  this  question  of  the  fire  service  of  factories  I  must 
first  define  the  word  '•  factories  "  as  it  will  be  used  in  these  remarks. 
It  means  a  textile  factory,  paper  mill,  machine  shop,  or  other  estab- 
lishment such  as  is  insured  by  the  Factory  Mutual  Fire  Insurance 
■Companies  of  New  England,  whose  risks  are  mainly  in  the  New  Eng- 
land and  Middle  States.  What  I  shall  say  may  be  applied  to  other 
factories,  but  must  be  modified  by  the  conditions  of  such  other  works. 

My  remarks  must  be  directed  mainly,  if  not  wholly,  to  the  repre- 
sentatives of  public  water  works.  Very  few  of  our  risks  are  supplied 
with  water  by  private  corporations.  The  difficulties  which  we  have 
met  in  dealing  with  these  private  water  companies  have  been  among 
the  influences  that  have  convinced  me  that  the  supply  of  water  to  a 
town  or  city  is  one  of  the  functions  that  the  town  or  city  corporation 
can  perform  more  efficiently  and  at  less  cost  than  the  work  can  ever 
'be  done  for  by  a  private  corporation  established  for  the  purpose  of 
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making  n  profit  out  of  the  supply  of  water.  As  I  have  said,  we 
have  been  called  upon  to  deal  with  very  few  private  corporations, 
and  when  we  have  witnessed  unreasonable  demands  made  upon  our 
members  and  have  witnessed  the  lack  of  capacity  and  efficiency  not 
uncommon  in  this  class  of  water  works,  we  have  laid  out,  whenever 
possible,  the  substitute  of  private  reservoirs  and  large  tanks,  in  order 
to  enable  our  members  to  ignore  private  water  companies  wherever 
their  policy  has,  in  our  judgment,  been  bad.  I  call  it  bad  policy  when 
exorbitant  charges  and  unreasonable  so-called  safeguards  by  meters 
and  the  like  are  imposed,  as  they  have  been  in  some  instances  upon 
the  factories  or  works,  on  the  success  and  progress  of  which  the 
towns  may  mainly  rely. 

In  dealing  with  the  relations  of  the  representatives  of  public  water 
works  with  factories  as  defined,  the  first  factor  to  be  considered  is 
the  necessar}^  cooperation  between  the  water-works  engineers  and 
the  underwriters.  Their  objects  are  the  same  ;  their  methods  may 
be  the  same  ;  their  relations  with  the  agents  and  managers  of  the 
mills  ought  to  be  the  same.  Wherever  there  is  any  antagonism  it  is 
a  fault  either  on  the  part  of  the  underwriters,  of  the  manager  of  the 
factory, —  not  often  of  the  water-works  engineers  ;  but  there  is  occa- 
sional friction  and  lack  of  agreement  upon  the  common  end.  This 
friction  corresponds  to  that  which  very  often  originates  in  the  attitude 
of  new  members  of  the  Factory  Mutual  System  toward  the  under- 
writers. They  bring  into  the  Mutual  System  the  very  common  atti- 
tude of  the  assured  toward  the  stock  underwriter,  a  very  foolish, 
injurious,  and  bad  attitude,  yet  almost  universal ;  namely,  to  regard 
the  underwriter  and  his  policy  of  insurance  as  a  necessary  evil,  for 
which  the  premium  is  to  be  squeezed  down  to  the  very  lowest  pos- 
sible limit,  whether  it  represents  the  cost  of  insurance  with  the  neces- 
sary profit  to  the  Stock  Fire  Insurance  Company,  or  whether  it 
represents  a  premium  so  low  as  to  be  less  than  cost  and  to  lead  to 
the  bankruptcy  of  the  insurance  companies  if  persisted  in.- 

The  next  aspect  of  the  underwriter  in  the  mind  of  the  average  of 
the  assured  outside  the  Factory  Mutual  System  is.  to  regard  the 
inspector  as  a  nuisance,  as  a  man  who  may  be  kept  out  as  long  as 
possible  from  the  premises,  aided  as  little  as  possible  in  finding 
defects  and  dangers,  and  often  one  who  may  be  imposed  upon  by 
hanging  up  cheap  and  nasty  hose  in  order  to  make  an  appearance  of 
being  ready  to  cope  with  a  fire. 

I  recall  a  rather  amusing  incident.     Many  years  since  a  large  agri- 
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cultural  tool  works  came  into  the  Mutual  System,  having  not  long 
before  settled  a  loss  with  other  companies.  Shorth'  after  a  small 
fire  occurred  in  one  of  their  buildings  with  little  or  no  injury  to  any 
stock.  Our  former  vice-president,  Mr.  William  B.  Whiting,  visited 
the  works  and  looked  over  the  premises,  then  turning  to  the  agent 
said,  "  Put  on  your  men  ;  repair  the  building  ;  send  us  a  copy  of  the 
account  from  your  books,  and  we  will  send  you  a  check."  "  What 
did  you  say  ?"  said  the  agent.  Mr.  Whiting  repeated  his  words. 
"Is  that  all  you  have  to  say?"  said  the  agent.  "Yes,"  was  the 
reply  ;  "  why  not  ?  "  Rejoinder  :  "  We  did  not  expect  such  a  mode 
of  settlement.  You  do  not  appear  to  try  to  scale  down  our  claim." 
"No,"  said  Mr.  Whiting;  "why  should  I?  You  are  honest,  are 
you  not?  You  will  make  a  fair  claim  and  our  purpose  is  to  pay  you- 
That  is  why  we  exist :  to  pay  an  exact  and  just  measure  of  indemnity 
for  loss  by  fire." 

What  are  the  causes  of  friction  and  misapprehension  which  occa- 
sionally arise  betvveen  the  water  engineers  and  the  factory  mill  agents, 
leading  to  urgent  demands  for  meters  and  other  serious  obstruc- 
tions to  the  fire  service,  and  leading  to  what  may  be  unreasonable 
demands  or  charges  for  keeping  the  water  ready  to  supply  sprinklers 
and  fire  apparatus?  One  of  them  is  said  to  be  the  taking  of  water 
fiom  the  fire  service  for  other  purposes,  thus  avoiding  the  just  rates 
which  are  charged  for  the  water  supplied  for  other  purposes  than  the 
extinction  of  fire.  There  is  no  doubt  you  could  prove  that  water  has 
sometimes  been  stolen  from  fire  pipes.  I  can  assure  you  that  when 
water  has  been  taken  in  this  way  by  any  factory  belonging  to  the 
Factory  Mutual  System  and  insured  by  them,  it  is  unknown  to  the 
treasurer  or  to  the  owner.  I  think  their  verdict  would  be  that  any 
man  who  would  steal  water  from  a  water  supply  under  such  condi- 
tions would  not  be  fit  to  be  trusted  with  the  management  of  the 
factory.  If  you  could  prove  to  the  Factory  Mutual  underwriters 
that  such  frauds  existed  and  were  known  to  the  principals,  we 
should  regard  such  members  as  under  the  suspicion  of  what  is  called 
the  moral  hazard,  unfit  to  be  associated  for  mutual  insurance  with 
their  fellow  members. 

My  reason  for  this  confidence  is,  that  what  is  commonly  called  the 
moral  hazard,  namely,  the  danger  that  property  will  be  set  on  fire 
or  permitted  to  burn  in  order  to  collect  the  money  from  the  under- 
writers, is  non-existent  in  the  Factory  Mutual  System.  The  com- 
pany of  which  I  am  president  has  existed  for  over  fifty  years.     In 
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that  fifty  years  there  has  been  but  one  suspicion  of  a  fire  intention- 
ally set  in  order  to  collect  the  insurance  money,  which  led  to  that 
risk  being  dropped  at  once  ;  and  even  that  was  an  unjust  suspicion, 
removed  some  time  later  by  the  confession  of  the  incendiary. 

Let  us  now  take  up  this  subject  from  the  point  of  view  of  the 
owner  of  a  factory  insured  in  the  Factory  Mutual  Companies,  and 
of  the  underwriters.  All  these  risks  are  thoroughly  protected  with 
pipes  and  hydrants,  with  reservoirs  or  tanks  ;  with  very  rare  excep- 
tion they  are  supplied  with  water  from  two  sources,  one  of  which  is 
usually  the  public  water  supply,  the  other  private.  In  many  towns 
and  cities  these  works  yield  the  principal  support  of  the  people  of 
the  town  or  city  and  of  the  shops  and  other  small  establishments 
which  have  gathered  around  them.  By  so  much  as  these  works 
have  laid  down  pipes  and  placed  hydrants,  is  not  the  town  or  village 
corporation  saved  from  a  heavy  expense?  Suppose  these  great 
works  did  not  put  down  their  own  pipes  and  hydrants,  would  not 
the  town,  city,  or  village  be  under  the  same  obligation  to  extend  the 
public  water  works  and  the  public  fire  apparatus  for  their  protection 
as  they  are  for  the  business  blocks  and  lesser  works  which  do  not 
put  in  their  own  safeguards?  Are  not  the  citizens  of  the  town 
saved  a  large  share  of  the  taxes  which  would  otherwise  be  imposed 
upon  them  for  the  purpose  of  extending  the  public  water  and  fire 
apparatus  for  tiie  protection  of  these  mills?  It  would  seem  to  me 
that  sensible  officials  of  cities  and  selectmen  of  towns  should  supply 
all  the  water  needed  and  all  the  necessary  facilities  for  putting  out  a 
fire  if  by  so  doing  they  save  themselves  a  very  large  sum  which  they 
would  otherwise  be  called  upon  to  spend  for  putting  in  the  pipes 
and  hydrants  necessary  to  the  protection  of  these  great  works. 

And  again,  if  a  protected  mill  is  a  little  way  outside  the  jurisdic- 
tion of  the  town  or  water  company,  and  yet  gives  employment  to  a 
great  many  of  the  citizens,  they  might  be  rightly  subject  to  a  small 
charge  when  they  used  the  water,  but  the  idea  of  putting  on  a  charge 
against  the  hydrants  and  sprinklers  because  they  may  at  some  remote 
time  draw  water  from  them  seems  to  me  rather  an  unwise  economy. 

Again,  as  to  meters.  What  is  the  need  of  a  meter  in  a  fire  serv- 
ice? Are  there  not  plenty  of  methods  for  approximately  estimating 
the  quantity  of  water  discharged  upon  a  fire  without  putting  in  a 
meter  that  may  obstruct  and  disable  the  whole  apparatus  and  cause 
the  destruction  of  the  mill? 

I  put  these  ideas  before  you  for  what  they  are  worth.     I  cannot 
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deal  with  the  scieuce  of  hydraulic  engineering.  I  have  uo  knowl- 
edge of  the  physical  sciences.  My  function  is  to  find  the  men  who 
do  possess  expert  knowledge,  and  then,  whenever  I  can,  convert 
their  technical  papers  over  into  the  plain  and  simple  P^nglish  that 
the  average  mill  agent  will  understand.  If  1  can  then  make  him 
think  that  he  found  it  all  out  for  himself  I  am  sure  of  getting  the 
pumps,  pipes,  hydrants,  and  sprinklers  to  the  fullest  extent  that  we 
desire.  We  have  printed  a  great  many  documents  with  which  you  are 
doubtless  familiar  :  Mr.  Freeman's  analysis  of  hose  streams,  speci- 
fications for  fire  pumps,  and  the  like.  It  took  me  about  two  years 
to  get  the  friction  of  water  in  iron  pipes  reduced  to  such  terms  that 
I  thought  the  average  mill  agent  would  understand  it.  I  then 
printed  these  tables,  and  from  time  to  time  I  have  computed  the 
relative  cost  of  iron  pipes,  horizontal  and  vertical ;  of  hydrants  at 
the  ground  level,  on  the  roofs  and  at  vantage  points,  as  compared  to 
the  cost  of  ladders  and  hose  pipes  ;  also  computed  the  relative  serv- 
ice. Even  at  the  present  advance  in  price  of  iron  pipe  the  balance 
is  very  largely  in  favor  of  iron  pipe  as  against  hose  and  ladders  ; 
volume  of  water  from  roof  hydrants  as  against  ineffectual  streams 
from  hose  painfully  and  dangerously  carried  up  upon  the  ladders. 

We  have  also  made  the  plan  and  laid  out  the  mill  yard  of  an  ideal 
mill,  perfect  in  all  its  appointments  at  our  present  standard.  In  the 
Department  of  Insurance  Engineering,  on  which  I  have  made  a 
beginning,  we  are  publishing  reports,  of  which  I  have  examples 
with  me.  The  report  on  the  mill  and  mill  yard,  on  the  relative  cost 
of  service  of  pipes  as  against  hose,  and  other  matters,  will  pres- 
ently be  printed  in  No.  5,  now  going  through  the  press. 

I  should  now  like  to  hear  from  you,  and  in  the  debate  which  may 
follow  perhaps  each  may  strike  some  snags  which  may  be  removed 
so  as  to  give  the  water  from  your  works  a  free  and  ample  flow 
through  our  pumps,  pipes,  and  sprinklers. 

DISCUSSION. 

President  Merrill.  Mr.  Atkinson's  very  interesting  paper  is 
now  before  you,  gentlemen,   for  your  consideration. 

Mr.  Atkinson.  I  shall  be  disappointed  if  you  don't  find  some 
fault  with  me. 

The  President.  Mr.  Walker  represents  one  of  the  largest  milt 
cities  of  New  England,  and  I  am  sure  we  should  be  glad  to  hear 
from  him. 
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Mr.  Charles  K.  Walker.*  Mr.  President,  I  feel  as  though  I 
was  n't  capable  of  contending  against  such  a  celebrated  insurance 
man  as  the  one  who  has  just  been  addressing  us.  His  paper  is  very 
good,  it  sounds  well ;  I  have  noticed  that  the  insurance  people  usu- 
ally have  the  best  papers  ;  they  are  the  best  talkers,  and  they  get  the 
best  of  the  water- works  men.     [Laughter.] 

Mr.  Atkinson.     They  always  try  to. 

Mr.  Walker.  Yes,  sir;  and  so  far  as  Manchester  is  concerned, 
they  always  do.  Now,  I  find  that  the  city  does  n't  have  much  of  a 
■chance  to  get  in  on  these  private  supplies  that  are  of  so  much  benefit 
to  the  underwriters,  and  are  said  to  be  of  so  much  benefit  to  the 
€ity,  but  the  mill  people  do  have  a  chance  to  get  in  and  tap  those 
city  supplies.  Mr.  Atkinson  says  they  are  not  honest,  they  are  not 
good,  square  men. 

Mr.  Atkinson.  Certainly  I  say  that  those  who  do  it  are  not 
honest. 

Mr.  Walker.  Well,  they  do  it  just  the  same,  and  if  you  will  go 
around  to  any  mill  in  Manchester, — I  don't  want  to  say  too  much 
because  if  they  hear  of  it  they  will  perhaps  kick  me  downstairs  the 
next  time  they  see  me,  —  if  you  will  go  around  to  any  mill  in  Man- 
■chester  you  will  find  that  they  do  steal  water  from  these  celebrated 
mill  supplies.  What  do  we  get  out  of  it?  We  have  to  build  the 
reservoirs  and  provide  the  water,  and  all  the  insurance  people  have 
to  do,  as  I  understand  it,  is  to  pipe  the  mill.  We  don't  collect  one 
single  cent  from  them  for  keeping  the  water  in  those  pipes,  but  it 
seems  to  me  that  the  city  ought  to  have  a  fair  compensation  for 
keeping  those  pipes  full  of  water  so  that  these  insurance  men  can 
have  the  benefit  of  the  water  in  putting  out  a  fire.  If  we  bring  the 
water  to  the  mill  and  have  it  ready  for  them,  I  can't  argue  it  out  in 
any  other  way  than  that  we  should  have  a  fair  compensation  at  least 
for  looking  after  them  to  keep  them  from  stealing  it.  [Laughter.] 
Bui  1  won't  take  up  your  time,  gentlemen,  and  I  don't  propose  to 
get  into  any  argument  witli  this  gentleman,  because  I  know  he  is  too 
much  for  me.  But  1  say  what  I  think  always,  and  I  do  think  we 
ought  to  have  some  compensation  for  looking  after  these  things,  for 
I  know  that  folks  do  steal  water  from  fire  supplies. 

Mr.  George  H.  Snell.I  The  insurance  underwriters  ought  to 
meet  the  water  engineers  and  water  boards  more  than  they  do.     I 

♦Supeiintendent  of  Water  Works,  Manchester,  N.  II. 
t  Superintendent  of  Water  Works,  Attleboro,  Mass. 


DISCUSSION.  65 

have  been  on  the  water  board  in  Attleboro  for  four  years,  and  never 
yet  have  met  an  insurance  man,  outside  of  our  local  agents,  ex- 
cept Mr.  Atkinson.  We  frequently  have  a  telephone  inquiry  from 
the  underwriters'  office  in  Boston  as  to  what  size  of  pipe  is  laid  on  a 
certain  street  in  front  of  certain  buildings,  but  that  is  about  as  near 
as  we  ever  get  to  them.  They  don't  seem  to  know  our  system,  or 
the  capacity  of  our  pumps,  and  each  time  tliey  telephone  they  ask 
what  the  pressure  is  ;  it  does  n't  seem  as  though  they  made  a  note 
of  it,  because  they  repeatedly  ask  the  same  questions. 

Now,  with  regard  to  sprinkler  service  and  private  hydrants  :  A 
new  factory  has  recently  been  built  in  Attleboro  which  is  insured  by 
some  mutual  company,  I  don't  know  which,  and  they  have  put  in 
two  private  fire  hydrants  in  their  yard  adjacent  to  the  factory. 
Those  hydrants  are  entirely  different  from  ours,  so  that  we  could  n't 
connect  our  hose  to  them.  Our  hydrants  all  open  to  the  right  with 
a  five-sided  nut,  theirs  open  to  the  left  with  a  square  nut,  and  there 
could  be  no  connection  made  between  our  department  and  their 
hydrants.  No  one  asked  us  what  to  put  in,  what  we  used,  or  any- 
thing about  it ;  we  simply  ran  our  pipe  to  their  buildings  for  them  at 
their  expense  and  by  their  request,  and  they  did  the  rest.  When 
they  got  their  work  finished  we  asked  them  to  file  a  plan  of  their 
system,  which  they  are  going  to  do,  — later.  The  plan  they  have  at 
the  present  time  does  not  really  coincide  with  the  lay-out,  they  hav- 
ing made  some  slight  changes.  After  they  had  got  the  system  all 
in  they  asked  the  chief  engineer  of  the  fire  department  to  come  and 
inspect  it,  which  I  had  done  previous  to  that,  and,  as  I  say,  he 
found  that  there  was  no  chance  for  the  fire  or  water  department  to 
use  those  hydrants  in  any  way.  They  have  no  hose  themselves,  but 
still  they  claim  that  they  have  complied  with  what  the  insurance 
people  asked  them  to  do.  My  idea  would  be  that  the  insurance 
underwriters,  before  they  put  in  these  sprinkler  systems  and  private 
hydrants,  should  confer  with  the  water  engineer  or  the  commis- 
sioners and  find  out  what  would  be  best  both  for  the  town  and  for 
the  factory.  I  believe  that  is  a  matter  which  should  be  looked  into 
more  carefully,  and  I  think  that  the  insurance  underwriters  should 
know  what  each  town  has  to  protect  the  buildings  with,'  and  should 
have  it  down  so  that  they  can  refer  to  it  at  any  time  and  know  what 
the  facilities  are  for  the  protection  of  the  buildings. 

Mr.  Walter  H.  Richards.*     I  heartily  endorse  what  the  gentle- 

*  Engineer  and  Superintendent  of  Water  Works,  New  London,  Conn. 
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man  has  just  said  about  conferring  vvitli  the  local  water  department. 
It  often  happens  that  the  engineer  or  superintendent  may  know  as 
much  about  the  local  arrangement  of  pipes  as  the  insurance  people 
do.  I  have  noticed  that  although  the  plans  of  the  insurance  people 
are  very  nice  and  proper  generally,  yet  they  are  always  made  with 
reference  to  protecting  the  particular  property  that  is  insured  by  them, 
without  regard  to  the  other  properties  that  may  not  be  thus  insured. 
It  very  often  happens  that  if  a  six-inch  pipe,  for  instance,  was  broken 
it  would  take  the  pressure  off  the  entire  city,  and  in  case  of  a  fire 
somewhere  else  there  would  n't  be  any  protection  at  all.  When  they 
ask  us  to  put  three  or  four  six-inch  pipes  into  a  mill  property,  those 
pipes  ought  to  be  put  where  they  would  be  beyond  the  possibility  of 
an  accident. 

Mr.  Atkinson  remarked  about  there  being  two  supplies,  one  from 
the  water  department  and  one  a  local  supply.  Well,  it  seems  to  me 
that  where  they  are  connected,  as  they  usually  are,  by  a  check-valve, 
it  is  very  possible  that  both  supplies  may  come  from  the  same  source. 
That  is  my  experience  witli  check  valves.  I  think  there  ought  to  be 
a  consultation  between  the  water  department  and  the  insurance  people 
always  before  any  plan  is  adopted,  for  the  water  department  has  in- 
terests outside  of  a  particular  mill  and  must  protect  them. 

Mr.  Theodore  H.  McKenzie.*  One  of  the  most  important  things 
that  this  Association  can  do  is  to  appoint  a  committee  for  the  purpose 
of  determining  a  fair  rate  for  the  rental  of  water  for  fire  protection  by 
automatic  sprinklers,  standpipes,  and  hydrants,  located  on  private 
manufacturing  property. 

There  is  no  one  thing  that  water  companies  have  so  much  difficulty 
over  as  the  collecting  of  a  reasonable  rental  for  such  service.  I  be- 
lieve the  Manufacturers  Mutual  companies  have  a  great  deal  to  do 
with  causing  the  difficulty. 

I  believe  the  insurance  agents  tell  the  manufacturers  that  they 
ought  not  to  pay  for  fire  protection,  as  they  do  not  use  much  water, 
but  the  water  companies  are  obliged  to  lay  and  maintain  large  pipes 
in  the  streets  leading  to  the  factories,  and  also  to  maintain  a  constant 
pressure  in  the  pipes,  and  provide  for  the  interest  and  depreciation  on 
the  large  outlay.  As  the  manufacturing  business  grows  and  the  uses 
of  water  increase,  the  manufacturers  put  in  private  water  supplies, 
usually  pumping  from  a  river  or  pond,  and  use  the  public  water  sup- 
ply for  fire  protection  only. 

*  Civil  Engineer,  Southington,  Conn. 
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This  Association  should  determine  on  and  recommend  a  reasonable 
and  proper  rate  for  the  use  of  water  for  fire  protection,  one  rate  for 
pumping  works  and  another  rate  for  gravity  works,  as  the  cost  is  much 
larger  in  the  former  case. 

As  to  the  honesty  of  water  takers  :  As  a  rule,  I  believe  nearly 
every  one  will  take  water  and  not  pay  for  it  if  he  can  do  so  and  not 
be  discovered.  A  few  years  ago  there  was  an  instance  of  taking 
water  in  a  surreptitious  way  from  the  system  under  my  management 
at  a  large  factory  where  there  were  hydrants,  standpipes,  arid  sprink- 
lers ;  the  use  of  water  became  so  large  that  the  factory  people  decided 
to  pump  their  water  from  the  river  except  for  fire  protection,  and  we 
were  collecting  a  very  small  rental  for  water  for  fire  protection.  One 
day  we  were  obliged  to  make  repairs  on  the  main  pipes  in  the  street 
near  the  factory,  and  soon  after  we  began  the  factory  operatives  were 
standing  around  on  the  streets  and  informed  me  that  the  factory  could 
not  run,  as  they  had  no  water  to  fill  the  boilers.  I  found  that  the 
engineer  had  been  using  water  from  the  fire  protection  pipes  for  two 
years  to  run  his  boiler  (150  H.  P.  ot  more).  1  have  discovered  other 
cases  of  the  same  kind  where  pipes  for  fire  protection  only  have  been 
tapped  for  use  in  factories. 

The  insurance  people,  especially  the  Manufacturers  Mutuals,  are 
making  a  great  deal  of  money  and  paying  large  salaries,  and  the  water 
companies  are  doing  the  insuring  and  getting  nothing  for  it.  The 
insurance  companies  ought  to  divide  their  profits  with  the  water  com- 
panies, or  we  should  determine  on  a  fair  and  reasonable  rate  for  pri- 
vate fire  protection  and  collect  it. 

The  President.  I  will  say  for  the  information  of  Mr.  McKenzie 
that  the  whole  subject  of  private  fire  supplies  is  now  in  the  hands  of 
a  committee  which  has  recently  been  appointed  to  consider  it.  I  think 
the  remarks  of  Mr.  Snell  are  very  pertinent,  and  that  he  has  voiced 
the  experience  of  a  great  many  water-works  superintendents.  At  the 
present  time  I  myself  am  struggling  with  a  similar  proposition  to  the 
one  which  he  mentioned.  It  came  to  me  in  the  shape  of  a  blue  print 
from  a  factory  which  is  just  being  established  in  our  city.  Inasmuch 
as  it  is  pretty  well  known  that  water  is  not  turned  on  in  Somerville 
until  the  contemplated  piping  system  is  approved  by  the  "Water  De- 
partment, we  usually  get  information  of  it  in  that  way.  But  the 
insurance  people,  I  think,  have  never  consulted  us  in  the  matter  at 
all.  I  believe  they  prepared  a  plan  and  submitted  it  to  the  factory 
people  without  any  consultation  with  tiie  Water  Department  of  the 
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city  as  to  whether  it  would  conflict  with  the  distribution  system  or 
work  any  injury  in  any  way. 

I  think  Mr.  Coggeshall,  of  New  Bedford,  can  say  something  of  in- 
terest on  this  subject. 

Mr.  R.  C.  p.  Coggeshall.*  I  was  hoping  that  you  would  leave 
me  out,  Mr.  President,  although  I  could  tell  quite  a  story  if  I  should 
relate  all  my  experience.  There  is  no  question  that  practically  all  of 
our  corporations  are  open  to  this  charge  of  dishonesty  in  connection 
with  the  use  of  water.  There  is,  however,  one  point  which  has  not 
been  touched  upon  here,  which  seems  to  me  of  a  good  deal  of  impor- 
tance. I  think  if  any  member  of  the  Association  would,  in  the  case 
of  an  uumetered  supply,  tap  in  an  inch  pipe  around  the  main  gate  into 
the  factory  yard,  put  a  meter  upon  this  connection,  closing  the  main 
gate  when  the  water  is  really  not  being  used,  he  would  be  surprised 
to  see  the  amount  of  water  that  is  going  through  the  pipe,  that  is,  the 
amount  which  is  going  through  in  actual  leaks.  It  amounts  to  con-r 
siderable  in  the  year,  and  that  is  one  thing  which  has  always  appealed 
to  me  as  a  good  argument  why  there  should  be  some  charge  for  fire 
protection  service. 

The  factory  people  and  the  insurance  people  now  submit  plans  to 
our  oflSce  of  all  extensions,  but  it  is  only  recently  that  that  has  been 
done.  When  a  mill  is  piped  for  the  first  time,  they  have  always  done 
it,  but  the  trouble  has  been  that  there  have  been  extensions  made 
from  time  to  time.  In  a  majority  of  cases  that  work  is  done  by  the 
city  and  so  we  know  all  about  it,  but  sometimes  it  is  done  by  out- 
side contractors,  and  the  work  has  been  done  before  we  knew  any- 
thing about  it,  and  we  didn't  have  a  chance  to  inspect  it,  and  that 
has  been  something  of  which  I  have  complained.  I  think  there 
ought  to  be  more  consultation  between  the  insurance  people  and 
the  water  department  in  that  regard  than  there  has  been  in  the 
past. 

'  It  is  surprising  how  easily  a  fire  pipe  will  be  tapped  when  a  supply 
is  wanted  for  some  purpose  or  other.  It  is  supposed  that  all  tiie 
water  actually  used  by  a  factory  is  to  be  metered,  but  it  is  n't  always 
so.  Jt  was  only  this  last  week,  when  I  happened  to  be  going  through 
the  works  of  one  of  our  old  established  corporations,  that  I  found  a 
connection  from  the  feed  pipe  to  the  boiler  running  outside  the  meter. 
I  traced  it  up  and  found  it  had  been  tapped  into  a  fire  pipe.  The 
gate  was  not  open.     I  called  attention  to  it,  and  wns  told  that  that 
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was  only  for  an  emergency,  in  case  anything  should  happen  to  the 
other  pipe. 

The  insurance  people  have  always  maintained  that  sprinkler  pipes 
are  in  their  best  and  most  reliable  condition  when  left  filled  with 
dead  water.  I  think  this  true.  But  we  continue  to  find  these 
sprinkler  pipes  tapped  for  all  sorts  of  supplies.  In  most  cases  this 
is  done  openly  and  as  a  matter  of  convenience,  the  sprinkler  pipe 
being  near  at  hand.  In  consequence  there  must  be  more  or  less  cir- 
culation going  on  within  sprinkler  pipes.  The  insurance  people  know 
all  about  this,  and  I  never  hear  of  any  protest.  Here  is  a  case  where 
practice  and  theory  fail  to  agree.  If  the  insurance  people  would 
insist  upon  the  honest  preservation  of  the  integrity  of  the  sprinkler 
pipes  from  the  controlling  gate  outside,  onward,  and  see  to  it  that 
such  a  standard  was  maintained,  they  would  compel  water  for  all 
other  uses  to  be  obtained  from  a  secondar}^  pipe.  This  would  be 
a  step  in  the  right  direction. 

I  think  the  insurance  inspectors  should  go  a  good  deal  further  than 
they  do.  Their  interest  in  a  way  is  perhaps  identical  with  our  own, 
and  if  there  are  any  irregularities  going  on  they  are  likely  to  discover 
it  as  quickly  as  we.  I  think  they  ought  to  notify  us  of  every  defect 
they  find.  But  as  matter  of  fact,  when  they  find  anything  of  the 
kind  they  keep  very  quiet  about  it. 

There  is  another  point  I  had  in  mind  when  I  rose,  and  that  is  this  : 
I  know  that  Mr.  Freeman  has  for  a  number  of  years  been  at  work 
upon  experiments  in  the  use  of  proportional  meters  on  all  pipes,  that 
is,  a  meter  with  a  loaded  check  valve,  by  means  of  which  an  approxi- 
mate indication  of  the  amount  of  water  which  is  passing  through  the 
pipe  would  be  registered.  It  is  certainly  for  the  interest  of  the  in- 
surance people  to  have  something  of  that  sort,  something  which 
would  not  affect  the  value  of  the  pipe  so  far  as  the  fire  pressure  is 
concerned  and  yet  which  will  at  the  same  time  act  as  a  check  upon 
the  amount  of  water  being  used. 

In  relation  to  check  valves,  there  was  an  interesting  case  in  New 
Bedford,  concerning  which  I  have  spoken  several  times  before,  but 
perhaps  Mr.  Atkinson  has  never  heard  of  it.  It  was  at  the  Acush- 
net  Mills.  They  had  a  fire  in  the  picker  room.  It  was  a  hot  even- 
ing in  July,  and  of  course  all  hands  turned  out  and  went  down  there. 
The  fire  pumps  at  the  mill  started,  and  in  a  very  few  minutes  all  the 
city  steamers  were  thrown  entirely  out  of  commission,  because  the 
check  valve  had  refused  to  close  properly,  and  all  the  city  mains  in 
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the  neighborhood  were  filled  with  salt  water.  All  our  check  valves 
are  now  placed  in  boxes  where  they  can  be  easily  gotten  at.  They 
are  examined  by  our  department  employees  twice  a  year,  and  seen  to 
be  in  proper  condition,  and  the  mill  pays  the  expense  of  so  doing. 
If  the  secondary  supply  had  been  fresh  water  in  the  above-cited  case, 
we  might  not  have  noticed  the  failure  of  this  check.  You  will  readily 
understand  that  you  would  find  it  out  pretty  quick  when  salt  water 
got  into  the  city  mains.  The  quality  of  a  secondary  fire  supply  I  do 
not  understand  is  ever  considered.  If  of  fresh  water,  is  there  not 
an  opportunity,  in  case  of  failure  on  the  part  of  check  valves,  that 
polluted  water  may  enter  the  mains  without  the  knowledge  of  the 
department  officials,  and  may  not  this  be  the  source  of  infection? 
For  the  benefit  of  those  departments  where  these  secondary  fire  sup- 
plies are  of  fresh  water,  I  would  add  that  our  periodical  examina- 
tions occasionally  reveal  a  case  where  the  check  is  not  operating. 
I  don't  know  that  I  have  anything  further  to  say  at  this  time. 

Mr.  Walker.  I  should  like  to  ask  Mr.  Coggeshall  if  he  has  had 
any  experience  in  the  shutting  off  of  water.  For  instance,  suppose 
there  is  a  4-inch  pipe  or  a  6-inch  pipe  going  into  a  building,  so  that 
they  can  get  pressure,  and  you  have  a  valve  outside  which  serves  to 
shut  it  off.  But  you  find  that  the  building  is  going,  and  you  think  it 
is  about  time  to  shut  off  the  water  ;  now  how  are  you  going  to  get  to 
that  gate?  The  building  is  going  to  fall,  is  likely  to  fall  over  on  you, 
and  there  is  that  pipe  running  in  there,  wide  open  ;  —  you  can't  get 
anybody  to  go  and  shut  that  gate,  can  you? 

Mr.  Coggeshall.  In  answer  to  that  question  I  will  say  that  my 
idea  of  a  mill  supply,  and  it  is  one  we  are  now  introducing  in  New 
Bedford,  is  that  there  should  be  simply  one  connection  to  the  mill. 
That  connection  should  be  ample,  but  there  should  be  only  one. 
Then,  upon  the  running  main  on  each  side  of  the  mill  supply  you 
put  a  gate,  in  addition  to  the  gate  which  controls  the  supply  into  the 
mill.  In  case  the  water  is  shut  off  outside  for  any  purpose  on  either 
side  of  the  mill,  it  isn't  necessary  to  actually  shut  the  mill  supply 
oflf.  The  gate  which  controls  the  mill  supply  should  always  be  lo- 
cated at  a  reasonable  and  safe  distance  from  the  mill  so  that  it  can 
always  be  got  at  in  case  of  fire. 

That  very  problem  has  come  u[)  this  last  week  with  the  famous  old 
Wamsutta  Mill  Corporation  in  New  Bedford,  which  is  the  largest  cor- 
poration we  have  there.  They  have  some  ten  or  eleven  connections 
with  the  mains  abreast  of  the  building,  in  verv  much  the  condition 
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Mr.  Walker  suggests.  Each  one  of  those  is  like  a  service  runuiug 
out  of  the  main.  We  propose  to  do  away  with  all  of  those  coiinec- 
tioDS  and  enter  the  property  from  another  street  with  one  main  of 
ample  size,  having  the  controlling  gate  where  it  can  be  always  easily 
gotten  at  in  case  of  fire,  and  run  the  pipe  into  the  mill  yard,  and 
have  all  the  connections  with  the  sprinklers  come  out  of  the  mill 
main  pipe  instead  of  out  of  the  street  main.  The  idea  is  that  in 
case  of  a  big  fire  there,  as  soon  as  the  mill  fire  pumps  get  to  work- 
ing in  good  shape  to  hold  the  pressure,  to  shut  the  connection  between 
the  city  and  the  mill,  and  let  the  mill  take  care  of  itself,  leaving  all 
the  city  hydrants  for  the  city  fire  department.  That  is  ray  idea  of  the 
way  the  thing  ought  to  be  handled,  because  it  would  be  very  disas- 
trous to  have  a  pipe  of  this  size  break  where  you  could  n't  get  at  it. 

Mr.  Snell.  There  is  one  more  thing  which  I  did  n't  think  to 
speak  of  while  I  was  up  before,  with  regard  to  charging  for  private 
fire  protection  and  sprinkler  service,  in  connection  with  this  case  I 
spoke  of,  where  those  hydrants  were  put  in  which  would  be  of 
no  use  to  the  department.  At  the  time  the  owner  got  ready  to  fill 
his  tank,  —  he  has  a  driven  well  and  proposes  to  pump  what  water  he 
uses,  we  simply  furnishing  him  with  drinking  water  and  water  for 
the  sprinkler  service,  —  after  he  got  it  set  up,  he  telephoned  to  us 
and  wanted  to  know  if  the  town  would  n't  fill  it  gratis.  I  told  him 
certainly  not ;  that  he  would  have  to  take  it  through  the  2-inch  con- 
nection and  pay  for  it.  He  said  he  was  told  by  the  insurance  people 
that  we  would  fill  it  without  charge.  So  it  seems  that  the  insurance 
people  try  to  make  the  manufacturers  believe  that  we  will  give  them 
a  good  deal  more  than  they  are  really  entitled  to.  In  regard  to 
stealing  'water,  I  believe  that  there  are  lots  of  people  who  will  steal 
water  who  would  not  steal  gold  dollars  to  put  in  their  own  pockets. 
Some  time  ago,  in  a  place  where  we  relied  on  a  meter,  and  where 
the  party  had  been  using  about  4  000  feet  a  mouth,  we  found  that 
the  meter  had  been  cut  out.  We  asked  him  what  he  had  done  that 
for  and  he  said  they  were  testing  a  lot  of  water  closets  they  had  in 
the  building,  and  they  could  n't  afford  to  buy  water  for  that.  A  good 
many  people  seem  to  want  fire  protection  in  the  same  way.  But  we 
made  an  estimate  of  the  amount  of  water  this  party  had  used  and 
made  him  a  charge,  and  he  settled  the  bill. 

Mr.  Coggeshall.  There  is  one  more  point  which  I  intended  to 
touch  upon,  and  that  is  the  use  for  other  than  fire  purposes  of  the 
hydrants  in  mill  yards.     That  practice  came  to  be  so  general  in  our 
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cily  that  we  were  finally  obliged  to  take  vigorous  measures  to  stop 
it.  It  got  to  a  point  where  it  was  costing  more  money  to  keep  the 
private  hydrants,  that  were  not  supposed  to  be  used,  in  proper  order 
than  it  did  all  the  public  hydrants  in  the  city  of  New  Bedford.  Those 
hydrants  were  used  for  about  every  conceivable  purpose.  I  remember 
a  conversation  I  had  with  one  of  our  mill  treasurers  in  New  Bedford 
—  and  I  will  say  that  I  have  known  him  from  boyhood  up  and  he  is 
just  as  honest  a  man  as  ever  stood  in  shoes  ;  I  know  him  well  and  I 
know  he  believes  exactly  what  he  says:  He  said  to  me,  "Bob,  just 
as  sure  as  you  ai'e  alive  there  was  never  anything  of  that  kind  done 
in  my  yard.  Why,"  he  said,  "  I  would  n't  allow  it."  The  next 
morning  after  this  conversation  I  happened  to  be  passing  by  the  mill, 
and  there  was  an  Irishman  using  water  from  the  hydrant  to  lay  the 
dust.  I  went  up  to  the  office  and  said  to  my  friend,  "  Come  to 
the  window  a  minute  and  look  out  there."  He  did,  and  he  wilted. 
[Laughter.] 

Our  practice  now  is  to  put  seals  on  all  the  hydrants,  and  the  result 
is  that  they  are  all  in  good  order  to-day,  and  it  is  very  seldom  that 
we  find  the  seals  broken.  When  a  fire  occurs  we  get  a  prompt  report 
of  same,  and  in  case  we  find  a  hydrant  seal  broken,  as  a  rule  a  good 
explanation  is  made  regarding  same.  There  have  only  been  two  or 
three  cases  in  which  we  have  felt  called  upon  to  apply  the  fine,  and 
then  it  has  been  paid  without  a  murmur.  A  rather  amusing  thing 
occurred  a  little  time  ago  when  a  mill  agent  came  to  me  and  said  : 
"  I  want  to  borrow  your  seal  press  for  a  little  while."  "  What  for  ?  " 
I  asked.  "  Why,  we  want  to  open  a  hydrant  for  a  few  minutes  in 
order  to  wash  the  windows.  I  will  seal  the  hydrant  up  again  and 
will  return  the  seal  to  you  immediately."     [Laughter.] 

Mr.  Henry  V.  Maoksey.*  I  was  engineer  of  the  fire  service  in- 
spection in  Boston  for  a  short  time,  and  my  experience  with  the 
underwriters'  agents  was,  as  a  general  thing,  very  satisfactory.  It 
is  strange,  perhaps,  but  our  greatest  trouble  was  with  the  inspectors 
of  the  Factory  Mutual  Bureau.  They  seemed  to  come  into  town 
from  all  parts  of  the  country.  I  was  surprised  at  Mr.  Atkinson's 
statement  that  most  of  his  work  is  in  New  England,  for  some  of 
these  inspectors  were  Indians.  They  had  an  idea  that  nobody  should 
be  considered  except  themselves.  They  paid  no  attention  whatever 
to  our  rules,  and  when  we  complained  at  their  oflice  the  excuse  given 
was  that  the  inspectors  did  not  know  our  rules,  in  spite  of  the  fact 
*  Depflty  SiiperinteDdent,  Street  Department,  Boston. 
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that  the  rules  were  printed  and  hung  on  the  valves  all  over  the  build- 
ings inspected.  They  would  break  the  seals  without  notifying  the 
AV'ater  Department,  and  advise  the  occupants  of  the  premises  that  it 
was  all  right,  as  they  were  the  underwriters'  inspectors.  Those  in- 
spectors made  no  improper  use  of  water,  and  their  inspection  was  a 
good  thing,  still  they  were  a  nuisance  to  us  and  they  caused  consid- 
erable trouble.  We  had  no  such  trouble  with  the  inspectors  of  the 
Boston  Board  of  Underwriters  :  we  could  round  them  up  after  a  while, 
repeating  our  complaints  so  often  that  their  superiors  would  not 
allow  them  to  forget  the  department  regulations. 

1  have  one  place  in  mind  in  Brighton,  where  there  are  beautiful 
grounds  and  lawns  and  a  half  a  dozen  hydrants.  Every  time  a  Factory 
Mutual  inspector  descended  on  that  place  during  the  summer  the 
grass  grew  greener;  but  the  inspector  has  gone,  he  is  not  in  town, 
we  can't  do  anything  except  inspect  the  hydrants  once  more  and 
re-seal  them.  One  reason  why  the  water  department  is  entitled  to 
recompense  for  fire  service  is  that  it  has  to  keep  up  inspection  and 
seal  and  re-seal  valves  and  hydrants. 

It  is  very  true,  as  Mr.  Atkinson  says,  that  not  one  in  a  thousand 
water  takers  is  dishonest.  I  suppose  that  not  one  in  a  thousand  of  the 
inhabitants  of  Boston  is  dishonest,  and  yet  it  costs  the  city  consid- 
erable for  a  police  force,  and  it  cannot  get  along  without  it.  If  we 
could  hire  horses  to  haul  our  fire  engines  and  only  pay  for  them  when 
they  actually  work,  and  the  owners  of  the  horses  would  keep  them  in 
good  condition,  all  ready  to  hitch  up  when  wanted,  and  would  only 
charge  for  the  time  taken  to  haul  the  engines  to  and  from  fires,  we 
could  have  a  fire  department  at  small  expense.  Unfortunately,  we 
have  to  pay  for  horses  the  year  round,  to  pay  firemen  the  year  round, 
whether  working  or  not.  As  the  main  object  of  the  sprinkler  and 
other  private  fire  protection  systems  is  to  protect  the  premises  where 
they  are  installed,  it  seems  to  me  that  that  property  should  pay  a 
liberal  part  of  the  charge. 

We  found  quite  a  number  of  cases  where  people  took  water  from 
the  fire  service  for  other  than  fire  purposes.  We  never  said  they 
stole  it,  although  in  many  cases  we  could  have  proven  that  they  did 
deliberately  steal  it.  In  some  cases  the  owner  was  aware  of  the  fact ; 
in  most  cases  I  suppose  he  was  not.  But  you  can  understand  the 
position  of  the  man  who  discovers  such  a  case.  He  is  usually  a  city 
employee  in  a  very  low  grade,  he  does  not  amount  to  much  politi- 
cally nor  officially,  whereas  a  wealthy  property  owner  may  have  con- 
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siderable  influence,  and  if  the  inspector  makes  a  straightforward, 
honest  report,  and  calls  things  by  their  right  names,  and  states  that 
certain  people  were  stealing  water,  he  might  have  to  worry  for  a 
montli  or  two  as  to  whether  his  salai-y  would  be  increased  or  suddenly 
decreased.  So  we  tried  to  stop  the  improper  use  of  water,  saying 
nothing  about  what  had  been  done,  merely  getting  things  right  and 
avoiding  trouble.  We  were  not  always  assisted  as  I  think  we  should 
have  been  by  the  underwriters'  inspectors.  I  should  judge  from 
Mr.  Atkinson's  statement  that  the  Factory  Mutual  Company  is  not 
troubled  very  much  that  way.  If  we  could  turn  off  a  water  taker  as 
easily  as  Mr.  Atkinson  can  turn  off  a  policy  holder  whom  he  thinks  is 
not  fair  we  would  have  no  trouble  ;  but  we  must  supply  water  to  honest 
men  and  others.  There  are  cases  where  I  think  the  underwriters' 
inspectors  might  assist  us.  I  know  of  one  case  in  Boston  where  we 
had  to  argue  with  the  owner  for  over  a  year  to  stop  his  engineer  from 
using  water  improperly.  In  the  meantime  two  sets  of  insurance  in- 
spectors had  been  over  the  building.  They  knew  just  as  well  as  we 
knew  that  the  water  was  being  improperly  used,  but  they  never 
objected,  although  it  was  strictly  contrary  to  their  own  rules  that 
water  should  be  taken  from  the  system  for  anything  but  fire  purposes. 
They  could  hardly  fail  to  see  it,  because  the  main  supply  pipe  for 
fire  purposes  was  constantly  dripping. 

I  read  through  the  underwriters'  rules  very  carefully  when  I  went 
on  this  class  of  work  and  thought,  if  the  underwriters  will  make 
people  live  up  to  them  what  a  great  help  it  will  be.  I  called  the 
underwriters'  attention  at  one  time  to  the  fact  that  a  party  was  filling 
his  fire  supply  tank  through  a  by-pass  on  a  fire  supply  pipe.  That 
was  against  the  rules  I  was  working  under.  I  reported  to  my  supe- 
rior several  times,  but  he  was  apparently  unable  to  stop  it.  I  went 
to  the  underwriters'  office  and  asked  if  that  wasn't  against  their  rules. 
They  said  it  certainly  was,  and  they  would  be  very  much  pleased  if 
I  would  stop  it.  Tiiey  did  not  stop  it,  although  their  rules  distinctly 
stated  that  water  must  not  pass  through  the  fire  pipes  to  the  tank,  but 
only  from  it. 

The  underwriters  do  not  always  help  us  as  much  as  they  should, 
and  I  think  these  private  systems  put  the  cities  and  towns  to  con- 
siderable expense,  for  which  they  should  be  reimbursed.  In  Boston 
the  Water  Department  is  supposed  to  live  by  its  own  revenue,  and  it 
has  been  able  to  do  so  until  recently.  Now  it  is  not  able  to  supply 
the  general  fire  prgitection  that  is  necessary,  because  of  lack  of  means. 
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It  is  only  fair  that  where  it  has  to  lay  maius,  inspect  services,  and 
inspect  the  buildings,  some  revenue  should  come  to  it  to  help  bear 
the  burden. 

The  President.  Mr.  Chase,  of  Derry,  N.  H.,  has  been  laboring 
with  this  question  for  some  months  past,  and  we  would  be  glad  to 
hear  from  him. 

Mr.  John  C.  Chase.  I  have  listened  with  a  great  deal  of  pleas- 
ure to  Mr.  Atkinson's  interesting  paper,  and  would  not  be  disposed 
to  offer  anything  in  the  way  of  comment  except  for  the  fact  that  he 
seemed  to  think  that  he  was  going  to  run  up  against  a  regular 
Donnybrook  Fair  here,  and  that  he  would  not  feel  satisfied  or  think 
he  had  got  his  money's  worth  if  he  did  not  go  away  with  a  broken 
head.  [Laughter.]  So  it  seems  to  be  up  to  us  to  find  all  the  fault 
with  him  that  we  can. 

Mr.  Atkinson.  That  is  what  I  expected,  and  is  just  what  I 
want. 

Mr.  Chase.  I  think  it  is  pretty  well  known  in  this  assemblage 
that  I  have  been  a  non-believer  in  charging  the  individual  consumer 
for  water  that  is  used  for  fire  purposes,  holding  that  so  long  as  the 
water  department  undertakes  to  furnish  a  supply  for  fire  protection 
it  should  make  no  difference  to  the  consumer  whether  the  water  was 
taken  from  the  public  hydrants  or  used  through  a  properly  super- 
vised private  system.  But  that  is  neither  here  nor  there.  The  only 
comment  I  have  to  make  is  this.  I  understood  him  to  say  that  he 
thought  the  mantle  of  the  water  department  should  be  extended 
over  Factory  Mutual  clients  whose  establishments  were  outside  the 
city  limits.  I  know  that  charity  should  cover  a  great  many  things, 
but  it  strikes  me  that  this  is  going  a  little  bit  too  far.  When  a  cor- 
poration, as  is  frequently  the  case,  locates  outside  the  city  limits 
for  the  express  purpose  of  evading  the  taxation,  required  in  part 
for  the  maintenance  of  efficient  water  and  fire  departments,  I  think 
that  it  should  be  shown  no  favors  whatever.  This  is  all  that  I  have 
to  offer  in  the  discussion. 

Mr.  Atkinson.  I  have  made  a  few  notes  as  we  went  along, 
gentlemen,  and  I  should  like  to  say  a  few  words  now  in  reply. 
First,  our  friend  from  Manchester  says  there  is  no  question  that 
every  one  of  the  coriwrations  is  guilty.  Well,  whom  do  I  deal  with 
in  Manchester?  For  instance,  1  deal  with  the  treasurer  of  the 
Amoskeag  Company,  and  the  other  treasurers ;  I  deal  indirectly 
with  the  agents  in  charge  of  the  mills.     I  am  sure  that  not  one  of 
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those  men  would  permit  water  to  be  taken  surreptitiously.  If  they 
knew  of  such  a  case  they  would  stop  it  instantly.  I  know  them 
all.  Now,  I  would  like  a  case,  a  specific  case,  mentioned  here.  No 
names  need  be  given,  but  let  me  have  a  single  iustance  and  you  may 
be  sure  of  a  complete  inquiry. 

Again,  it  is  said  that  actual  leaks  might  well  be  paid  for.  That 
is  a  suitable  matter  for  negotiation  between  the  corporations  and  the 
water  board.  It  is  said  that  extensions  should  be  submitted.  They 
certainly  should,  that  is  surel}'  a  matter  between  the  corporation  and 
the  water  board.  A¥hat  have  the  underwriters  to  do  with  it?  We 
may  advise,  but  the  corporation  executes. 

It  is  intimated  that  the  underwriters  should  pay  something.  Who 
are  the  underwriters,  speaking  now  onW  of  the  Mutual  under- 
writers? We  are  only  the  agents  of  the  members,  in  custody  of 
their  money.  We  have  no  money  of  our  own ;  no  capital.  We 
receive  the  annual  premiums,  so  called,  from  which  we  deduct  the 
loses  and  expenses,  and  at  the  end  of  the  year  we  return  to  the 
owners  all  there  is  left.  The  Mutual  underwriters  are  not  organized 
to  make  money  ;  they  are  organized  to  save  money.  So  much  for 
that  point. 

A  case  is  mentioned  where  a  corporation  tapped  into  a  fire  pipe 
for  an  emergency.  Is  there  any  objection  to  that,  with  honest  men? 
Why  might  they  not  properly  protect  their  fire  apparatus  and  their 
engine  and  their  works  against  an  emergency?  Isn't  that  an  easy 
thing  to  be  arranged  with  such  men  as  those  I  have  mentioned,  and 
with  men  of  the  character  and  standing  who  are  in  charge  of  the 
mills  in  Manchester,  New  Bedford,  and  elsewhere? 

The  Mutual  underwriters  positively  object  to  a  tap  being  put 
upon  a  sprinkler  service  for  any  purpose  whatever,  because  we  do 
not  want  the  water  in  the  sprinkler  service  to  move.  We  do  not 
want  the  pipes  flushed  ;  we  want  the  water  to  stay  there  as  still  as 
it  can,  even  for  twenty  years.  And  why?  Because  when  the  water 
first  goes  in,  what  oxygen  there  is  in  the  water  causes  corrosion  up 
to  a  certain  limit,  and  there  it  stops.  If  the  water  moves  through 
the  sprinkler  pipes  it  will  keep  up  slow  corrosion,  and  by  and  by  we 
will  have  our  sprinkler  heads  filled  up  with  oxide  of  iron  so  that 
they  won't  work.  No  intelligent  mill  man  will  permit  a  sprinkler 
pipe  to  be  tapped  for  any  purpose,  except  possibly  for  one-inch  small 
hose.  When  any  other  tap  is  found  our  inspectors  report  to  us, 
and  it  is  cut  off.    ,Some  of  our  inspectors  may  overlook  it,  but  we 
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employ  different  inspectors  with  different  kinds  of  spectacles.  One 
man  has  an  eye  for  one  kind  of  hazard,  and  he  sees  that;  the  next 
man  might  overlook  that  fault,  but  he  sees  another.  When  our 
members  object  that  our  inspectors  keep  finding  new  faults,  I  reply, 
"  What  are  they  there  for?  If  they  didn't  find  fault,  where  would 
you  be?  That  is  what  we  employ  them  for.  If  any  of  them  find 
any  unreasonable  fault,  every  report  that  we'  make  to  you  has 
printed  at  the  head  of  it  '  If  you  think  the  suggestion  unreasonable 
or  injudicious,  you  will  immediately  refer  it  to  the  executive  officers 
of  the  insurance  company,  and  either  you  will  be  persuaded  that  the 
inspector  is  right,  or  we  will  instruct  the  inspector  not  to  do  so 
again.' " 

The  case  of  the  Acushnet  Mill  is  spoken  of,  where  the  .check 
valve  let  in  salt  water.  We  have  aided  as  far  as  possible  the  New 
Bedford  commissioner  to  remedy  that  defect. 

Mk.  Coggeshall.  That  is  true.  I  only  brought  that  up  as  an 
iustance  of  the  unreliability  of  check  valves, 

Mr.  Atkinson.  He  says  that  one  connection  at  each  mill  is  all 
there  should  be,  but  that  should  be  ample.  We  shall  be  very  glad 
to  have  that  plan  carried  out  in  New  Bedford  and  everywhere  else. 
We  desire  to  have  the  check  valve  removed  from  the  point  where 
in  case  of  fire  it  would  be  difficult  to  handle  it.  That  is  for  our 
interest  as  well  as  for  yours,  and  our  men  are  cooperating  with  you 
to  that  end. 

Now,  bear  in  mind,  gentlemen,  that  we  have  had  no  big  fire  any- 
where for  seven  years,  so  that  a  big  draft  of  water  for  fire  protec- 
tion for  the  Factory  Mutual  risks  is  very  infrequent ;  I  hope  it  will 
continue  so.  But  I  know  that  at  some  time  spmewhere  every  fore- 
cast that  the  human  mind  can  make  will  fail,  and  we  will  have  an- 
other big  loss.  The  last  big  loss  that  we  had  was  in  October,  189.5, 
and  that  was  in  a  most  unexpected  place  and  for  a  most  unexpected 
cause. 

Mr.  Snell,  of  Attleboro,  speaks  about  a  man  asking  to  have  his 
tank  filled  free,  and  so  on.  If  any  insurance  man  told  that  man 
that  his  tank  would  be  filled  without  charge,  he  had  no  authority  to 
do  so  and  he  was  a  greenhorn.  We  never  knew  anything  about  it. 
If  it  had  come  to  my  knowledge  that  such  instruction  or  informa- 
tion had  been  given,  I  should  have  told  that  inspector  what  to  do. 
We  have  but  one  risk  in  Attleboro  in  the  mutual  companies,  and 
that  is  this  new  risk  in  which  the  hvdrants  cannot  be  connected  with 
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the  city  service.  That  brings  up  the  very  ditticult  question  of  the- 
lack  of  uniformity  in  pitch  of  hydrant  threads,  etc.  We  do  not  in 
the  mutual  system  depend  very  much  upon  the  public  fire  department, 
especially  in  the  towns  of  lesser  importance.  In  the  cities,  such  as- 
Lowell,  Lawrence,  Saco,  New  Bedford,  etc.,  there  is  usually  a  good 
understanding  between  every  mill  agent  and  the  chief  of  the  fire 
department,  that  the  fire  department  may  be  summoned  and  will 
come ;  and  while  the  chief  engineer  has,  of  course,  the  legal  right 
to  take  the  entire  charge  of  putting  out  the  fire,  yet,  as  a  rule,  he 
leaves  the  mill  fire  department  to  do  the  work  as  far  as  possible,  and 
not  till  an  emergency  arises  is  the  public  fire  department  called  in. 
Our  hydrants  may  occasionally  vary  from  those  of  the  city  depart- 
ment, but  we  depend  really  more  upon  the  private  service  than  we 
do  upon  the  public  fire  department ;  it  is  sometimes  a  necessity  that 
there  shall  be  a  variation. 

It  is  said  that  we  should  send  the  plans  of  our  hydrant  service  to 
the  water-works  departments.  Well,  that  is  an  excellent  practice 
which  has  been  established  by  us  in  respect  to  all  the  mills  that  we 
insure,  but  we  do  not  execute  the  plans  that  we  lay  out.  If  exten- 
sions are  not  submitted,  all  that  the  engineer  in  charge  of  the  water 
works  will  have  to  do  will  be  to  send  to  us,  and  we  will  see  that  it  is 
done.     We  intend  to  cooperate  perfectly. 

"The  insurance  men  ought  to  pay,"  says  our  friend  from  Man- 
chester. I  have  said  why  we  cannot  pay,  and  that  is  because  we  have 
no  money  to  pay  with.  We  are  only  the  custodians  of  the  owners' 
money  for  each  year.  It  is  for  them  to  negotiate  what  payments  if 
any  are  due. 

I  wish  that  we  could  get  around  that  difference  in  the  pitch  of  threads 
and  in  couplings.  We  have  in  the  larger  cities  to  a  very  great  extent, 
but  in  the  smaller  towns,  and  especially  in  those  where  we  have  but  a 
single  risk  that  matter  does  not  always  come  to  our  notice.  Whether 
those  hydrants  in  Attleboro  might  well  have  been  made  uniform  with 
those  of  the  public  department  or  not  is  an  open  cpiestion  ;  probably 
it  did  not  occur  to  the  man  who  laid  out  the  work  before  we  took 
the  risk.     However,  as  I  say,  we  have  but  one  risk  in  Attleboro. 

There  is  not  a  single  mutual  risk  in  New  London  ;  therefore  the 
criticism  of  the  gentleman  from  New  London  does  not  apply  to  the 
Factory  Mutuals,  to  which  I  limit  this  discussion. 

In  reference  to  whatMr.  McKenzie,  of  Southington,  Conn.,  says,  I 
will  remark  that  I^think  we  have  no  risk  there.     I  may  say  that  the 
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rautuals  are  divided  into  what  are  called  the  senior  companies,  which 
are  the  most  conservative  companies,  in  which  are  insured  about  eiglit 
or  nine  hundred  millions,  and  the  junior  companies,  which  are  extend- 
ing their  service  over  a  wider  area,  taking  in  some  mills  of  a  different 
class.  I  do  not  recall  the  name  of  Southiugton  on  any  of  the  senior 
route  books,  therefore  I  think  Mr.  McKeuzie's  criticisms  must  apply 
to  the  inspectors  of  other  companies  and  not  to  ours.  * 

Mr.  Macksey,  of  Boston,  makes  certain  charges  against  the  Factory 
Mutiials.  My  company  has  but  four  risks  in  Boston.  We  did  have 
five,  but  there  was  a  little  friction  between  myself  and  the  owners  on 
some  point  in  the  protection,  and  I  dropped  the  risk.  We  have  but 
four  in  the  whole  city  of  Boston,  and  there  are  only  two  others  in  the 
junior  mutuals.  There  are  no  Indian  inspectors  in  their  service. 
Reference  was  made  to  a  certain  risk  in  Brighton.  I  can  identify 
that  risk,  and  I  know  that  no  factory  mutual  company  has  any 
policy  upon  it.  Hence,  Mr.  Macksey's  criticism  of  factory  mutual  in- 
spectors must  be  a  product  of  his  imagination,  especially  the  Indian. 
Ml'.  Macksey  made  an  excellent  remark  to  the  effect  that  there  may 
be  one  dishonest  man  in  a  hundred  who  will  steal  water  where  there 
is  one  dishonest  man  in  a  thousand  who  will  steal  goods,  and  that  we 
keep  the  police  to  take  care  of  the  rogues.  The  executive  officers  of 
the  senior  mutual  companies  do  not  insure  rogues,  and  would  quickly 
cancel  policies  if  on  proper  information  and  proof  they  learned  that 
a  rogue  had  deceived  them.  It  is  the  same  with  the  bankruptcy  laws. 
It  is  not  worth  2.5  cents  on  $100  to  guarantee  the  prompt  payment  of 
every  obligation  entered  into  to-day,  which  aggregate  the  amount  of 
S130  000  000  of  trade  in  the  United  States.  More  than  993  per  cent, 
of  those  obligations  entered  into  to-day  in  goods  alone  are  paid  in 
order  that  we  may  have  our  breakfast,  dinner,  and  supper  on  our 
tables.  Less  than  a  quarter  of  one  per  cent,  of  merchants,  manufac- 
tures, and  traders  fail;  the  bankruptcy  laws  exist  to  care  for  that 
small  proportion.  I  am  inclined  to  think  that  debts  would  be  as 
promptly  collected  as  they  now  are  even  if  there  were  no  bankruptcy 
laws  in  existence  anywhere.  Character  stands  for  more  than  capital, 
and  if  you  are  not  able  to  collect  your  debts  at  law,  you  perhaps 
would  look  out  a  little  more  sharply  as  to  whom  you  trusted.  IIj  is 
not  because  most  men  are  honest  in  the  moral  sense.  Policy  and 
honesty  are  synonymous  terms.  Unless  his  obligations  are  met,  a 
man  must  go  out  of  business. 

*On  correcting  1  flntl  no  mutual  risk  tiiere. 
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benefits  to  other  property.  Well,  they  do  spend  the  money  for  their 
own  protection,  but  they  do  at  the  same  time  save  other  property  to 
an  immense  amount.  Tlie  recent  conflagration  in  Paterson,  N.  J., 
came  down  under  a  gale  of  wind  through  the  city  upon  a  group,  of 
silk  mills,  a  part  of  which  were  mutual  risks  fitted  up  under  our 
instructions  to  defend  themselves.  There  were  six  powerful  steam 
pumps  which  could  be  put  in  operation,  two  of  which  were  held  in 
reserve.  Lines  of  hose  were  run  out  to  meet  the  fire  in  every  direc- 
tion, and  so  exact  was  their  work  that  on  the  plan  which  we  have 
prepared  you  can  see  the  line  where  our  risks  and  our  apparatus 
stopped  that  conflagration,  which,  had  it  gone  through  the  silk  mill 
district,  would  liave  caused  a  loss  of  $10  000  000  more,  and  would 
have  ruined  the  city  of  Paterson  in  its  silk  industry.  For  seven 
hours  these  pumps  were  in  operation  without  a  brealv,  and  the 
strong  underwriter  hose  prescribed  by  us  did  not  burst  in  a  single 
section.  That  is  only  one  of  many  instances  in  which  the  apparatus 
in  our  factories  has  stopped  fires  which  were  beyond  the  control  of 
the  departments  of  the  towns  or  cities. 

Before  the  great  Thanksgiving  fire  took  place  in  Boston,  although 
we  had  no  interest  in  the  property,  I  had  tried  to  stop  the  construc- 
tion of  the  building  on  Kingston  Street  in  which  it  started,  by  repre- 
senting to  the  mayor  its  danger  ;  I  had  written  him  a  seven-page  letter 
stating  what  would  happen  if  a  fire  started  in  that  building  :  how  it 
would  cross  the  street ;  how  the  iron  roof  on  the  building  opposite 
would  come  crashing  down  ;  how  it  would  block  the  street  and  im- 
pede the  firemen  ;  probably  killing  some  one,  as  it  did  ;  then  how 
the  fire  would  go  on  extending.  Seven  years  later,  when  the  fire 
occurred  and  the  things  actually  happened  that  I  said  would  happen, 
the  fire  marshal  sent  down  to  me  and  wanted  to  see  a  copy  of  that 
letter.  I  gave  him  one,  and  by  changing  the  tense  he  made  that  letter 
the  description  of  what  had  happened.  For  trying  to  do  that  serv- 
ice I  was  threatened  by  the  architect  with  a  lawsuit  for  S20  000 
damages  for  having  injured  his  reputation.  I  invited  him  to  sue 
and  be,  etc.,  but  he  never  sued  me.     [Laughter.] 

The  gentleman  from  Taunton  says  that  the  underwriters  ought  to 
know  the  pressure,  etc..  but  that  they  are  frequently  sending  to  him 
to  find  out  wliat  the  pressure  is.  I  venture  to  say  that  you  cannot 
go  down  to  my  office  and  look  at  a  plan  or  record  of  a  single  mill 
•where  you  will  not  find  that  we  have  the  pressure,  sizes  of  pipe,  etc., 
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all  on  record.  I  don't  believe  you  can  find  one ;  so  you  don't  very 
often  have  that  question  asked  by  us,  unless  we  think  there  has  been 
some  change  in  the  pressure.  I  believe  I  have  had  occasion  to 
write  to  Taunton,  because  they  depend  upon  the  Holly  system  ;  is  n't 
that  so? 

Mil.  Chace.     Yes,  sir. 

Mr.  Atkinson.  Well,  we  never  had  entire  confidence  in  the  Holly 
system,  we  therefore  watch  it.  Then  Mr.  Chase,  of  Derry,  N.  H., 
speaks  in  regard  to  mills  that  are  built  outside  the  lines.  We 
have  n't  any  risk  in  Derry,  but  there  are  mills  built  outside  the  lines 
in  some  places  for  the  purposes  which  Mr.  Chase  speaks  of.  There 
are  other  mills  built  outside  the  lines  without  the  slightest  regard  to 
the  rate  of  taxation,  but  for  convenience  of  access  and  for  other 
purposes. 

Now,  gentlemen,  I  think  I  have  shown  you  how  the  mutual  under- 
writers try  to  cooperate,  and  how,  if  any  one  of  you  wants  and  will 
give. the  opportunity  for  further  cooperation,  you  can  get  it.  And 
this  leads  me  to  the  last  point  I  will  make.  I  advise  j^ou  on  some 
occasion  to  ask  Mr.  Osborne  Howes,  the  head  of  the  Boston  Under- 
writers' Union,  to  come  here  and  try  to  bring  about  cooperation 
with  the  other  companies.  The  Underwriters'  Union  have  adopted 
here  in  Boston  an  excellent  system  of  inspections.  One  of  our  best 
inspectors  entered  their  service  years  ago.  They  are  doing  every- 
thing they  can  do.  They  have  rendered  Boston  the  safest  large  city 
in  the  country.  There  is  less  conflagration  hazard  here  now  than 
there  ever  was  before.  I  am  sure  they  will  do  their  utmost  to 
cooperate  with  you. 

I  make  no  denial  that  there  are  certain,  reasonable  charges  that 
might  be  made.  There  are  other  charges  which  we  consider  ex- 
tremely unreasonable  and  injudicious,  and  which  will  imperil  the 
protection  of  our  risks  ;  and  those  we  take  exception  to.  The  class 
of  men,  some  of  whom  I  have  designated  in  Manchester  and  that 
might  be  named  in  New  Bedford,  are  to  be  trusted.  Is  there  any 
head  of  a  corporation  in  either  city  who  would  take  water  sur- 
reptitiously? 

Mr.  Coggeshall.  No,  sir  ;  that  is  not  the  point  I  made.  It  is 
the  other  fellows  who  do  it. 

Mr.  Atkinson.     Then  why  don't  you  go  right  to  headquarters? 

Mr.  Coggeshall.     We  do. 

Mr.  Atkinson.     Then  you  stop  it,  don't  you? 
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Mr.  Coggeshall.     Not  always. 

Mr.  Atkinson.  I  have  been  a  mill  mau  and  have  run  mills  for 
many  years  before  I  became  an  underwriter.  If  I  had  in  my  employ 
a  man  whom  I  knew  would  steal  water  from  the  city  fire  service  I 
should  say,  "That  man  will  steal  my  property,  and  he  quits  my  em- 
ployment next  week." 

Mr.  Chace.  I  want  to  say  one  word  in  explanation.  We  in 
Taunton  have  the  utmost  respect  for  the  speaker  and  for  his  com- 
pany, but  I  want  to  say  with  regard  to  the  Holly  system  that  for 
twenty-seven  years  we  have  practically  not  had  a  fire  get  away  from 
the  place  where  it  started. 

Mr.  Atkinson.     I  know  that. 

Mr.  Chace.  And  I  may  also  say  that  I  remember  a  fire  occurring 
there  not  so  very  long  ago,  where  the  boiler  room  got  so  hot  that  the 
engineer  and  fireman  could  not  get  into  it,  and  we  put  the  fire  out. 
In  that  case  their  fire  pump  was  of  no  use  at  all. 

Mr.  Atkinson.  That  is  so,  and  we  now  require  all  boiler  rooms 
to  be  sprinklered.  It  has  been  one  of  the  hardest  jobs  we  ever  had 
to  do  to  induce  the  owners  to  do  that.  We  do  not  now  take  a  risk 
unless  the  sprinklers  are  complete. 

Mr.  F.  H.  Crandall  (by  letter).  This  matter  was  under  con- 
sideration at  the  recent  annual  convention  of  the  Central  States 
Water  Works  Association,  held  at  Indianapolis.  The  subject  was 
clearly  and  forcibly  introduced  by  Mr.  C.  IC.  Inmau,  of  the  Warren 
Water,  Electric  Light  and  Power  Company,  of  Warren,  Ohio. 

Attention  was  called  to  the  possible  impairment  of  the  service  by 
the  wasting  of  water  from  such  connections,  both  through  sprinkler 
heads. in  time  of  fire  and  through  leaks  habitually  and  constantly 
permitted. 

During  the  discussion  a  case  was  mentioned  where  one  third  the 
saving  in  insurance  was  charged  for  protection ;  one  where  eight  dol- 
lars per  quarter  for  each  ten  thousand  square  feet  of  floor  space  was 
charged,  and  they  were  considering  the  advisability  of  using  meters. 

Fifteen  cents  per  annum  per  sprinkler  head  wos  suggested  as  a 
very  reasonable  rate,  and  metering  received  favorable  mention. 

Mr.  Inman  says,  "  Both  the  insurance  companies  and  the  plants 
using  such  services  wish  to  get  them  for  nothing,  though  it  saves 
both  thousands  of  dollars  per  annum.  Neither  likes  a  meter.  They 
not  only  want  the  service  free,  but  they  Avant  a  free  hand  in  the  in- 
troduction of  the  system. 
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"This  must  be  universally  adjusted  sooner  or  later,  as  their  de- 
mands are  unreasonable.  They  should  pay  what  the  service  is 
worth.  We  have  water-works  conventions  every  year.  It  would 
seem  that  such  questions  as  this  would  be  settled  on  some  uniform 
basis  by  the  managers  of  water  works,  but  it  is  passed  by  and  the 
insurance  companies  get  the  service  free  in  many  cases,  because  the 
cities  give  it  to  them  at  the  expense  of  the  taxpayer,  and  if  3'ou  and 
I  do  not  do  likewise,  the  trick  is  to  make  us  trouble  if  possible,  so 
as  to  get  an  important  service  for  nothing,  on  which  the  insurance 
companies  draw  rich  premiums  and  the  owner  of  the  local  plant  has 
his  insurance  cut  to  about  one-third  after  the  service  is  established. 
And  both  think  the  parties  furnishing  this  service  should  receive 
nothing,  as  the  plant  is  of  local  interest,  and  must  be  nursed  with 
the  bottle. 

"  Water  companies  who  sell  water  for  domestic  use,  being  bound 
by  their  franchise,  cannot  afford  to  run  chances  of  being  defrauded 
without  compensation,  and  it  is  my  object  in  bringing  this  paper  to 
your  attention  that  a  more  uniform  rate  may  be  brought  about  by 
this  Association.  I  know  of  no  better  place  to  start  a  reform  in  this 
matter  than  right  here." 

At  the  close  of  an  interesting  discussion,  during  which  numerous 
experiences  of  illegitimate  use,  unreasonably  large  services,  and 
various  methods  of  assessments  were  recounted,  a  resolution  was 
unanimously  passed  expressing  the  sentiment  of  the  convention  in 
favor  of  an  equitable  charge  for  the  protection  afforded  by  private 
fire  services. 


84  STANDARD    SPECIFICATIONS. 


STANDARD    SPECIFICATIONS   FOR   CAST-IRON   PIPE 
AND    SPECIAL   CASTINGS. 

[Note  by  the  Editor.] 

Since  the  publication  of  the  last  issue  of  the  Journal,  the  tables 
of  special  castings  to  accompany  the  Standard  Specifications  have 
been  completed,  and  the  specifications  with  the  tables  have  been 
issued  in  pamphlet  foi-m.  Copies  of  this  pamphlet  have  been  sent 
to  all  members  of  the  Association  ;  also  to  the  superintendents  or 
engineers  of  the  large  water  works  throughout  the  country  not  repre- 
sented in  the  Association,  and  to  all  the  pipe  founders,  with  the 
following  letter :  — 

715  Tremont  Temple,  Boston,  Mass., 
February  IG,  1903. 

Dear  Sii\  —  For  the  purpose  of  securing  more  uniformity  in  the  forms  and 
dimensions  as  well  as  methods  of  manufacture  of  cast-iron  water  pipes  and 
special  castiuo:s,  after  careful  consideration  of  tlie  subject  by  a  committee 
consisting  of  Freeman  C.  Coffin,  Dexter  Braekett,  and  F.  F.  Forbes,  and 
after  conferring  witli  a  number  of  manufacturers  of  cast-iron  pipe  in  the 
United  States,  the  IMew  England  Water  Works  Association  has  adopted  a 
standard  form  of  specifications  and  standard  patterns  for  pipes  and  special 
castings. 

A  copy  of  these  specifications  is  sent  you  herewith,  with  the  request  that, 
so  far  as  possible,  you  will  make  use  of  the  same  in  ordering  pipes  for  work 
under  your  charge. 

The  members  of  the  Association  and  others  desiring  additional  copies  of 
the  specifications  may  obtain  them  of  the  Secretary  at  ten  cents  each. 

CHARLES   K.   WALKEE,  President. 
WILLARD  KENT,  Secretary. 

The  tables  of  special  castings  which  were  lacking  at  the  time 
of  the  publication  of  the  December,  1902,  issue  of  the  Journal 
are  printed  in  the  following  pages,  in  order  that  the  record  may  be 
complete. 
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x=l.50" 


X-1.25 
y=l.62" 


y=  2.00  ■■ 


Dimensions 

m 

Inches 

Weignl 

Nom 
diam 

d 

0 

h 

f 

m 

k 

7 

r 

Class 

4 

3.0 

5.7 

3.60 

.60 

K 

25 

6 

" 

7.8 

3.65 

.65 

I 

40 

8 

3.5 

10.0 

4.25 

.75 

I 

60 

10 

12.1 

■■ 

1.50 

.75 

16.2 

H 

80 

12 

" 

14.2 

'• 

1.75 

18.7 

135 

14 

16.35 

4.40 

.90 

1.90 

22.4 

■■ 

175 

16 

4  0 

18.6 

5.00 

1.00 

2.00 

•• 

270 

240 

IS 

,. 

204 
20.7 

" 

■■ 

1.00 

320 
32.9 

D 
F 

280 
285 

Table  No.  14 

(concluded) 

Caps 

Dimensions     in     Inches 

Weight 

Nom. 
diam 

d 

0 

h 

i 

m 

k 

Z 

r 

Class 

20 

4.0 

225^ 

5.00 

1.00 

3.00 

1.00 

1.25 

IS.2 

D 

330 

'• 

" 

23.0 

•• 

■■ 

" 

" 

1.50 

" 

F 

350 

24 

" 

26.6 
27.1 

5.25 

1.05 

3.50 

„ 

1.30 
1.55 

235 

D 
F 

450 
470 

30 

4.5 

32.6 
33.0 
33.4 

5.75 

1.15 

•■ 

LIS 

1.30 
1.50 
1.70 

348 

B 
D 
F 

650 
675 
700 

36 

" 

38.8 

600 

1.25 

4.00 

1.25 

1.63 

44.0 

B 

940 

" 

" 

39.3 

" 

1.30 

3.95 

" 

1.88 

■■ 

D 

910 

" 

" 

39.7 

" 

1.35 

3.90 

" 

2.08 

" 

F 

1000 

42 

5.0 

45.0 

7.00 

1.40 

4.00 

'1.40 

2.00 

63.5 

B 

1400 

" 

455 

" 

1.50 

3.90 

•• 

2.25 

D 

1450 

'■ 

" 

461 

" 

1.60 

3.80 

" 

2.55 

•■ 

F 

1520 

4d 

" 

51.2 

" 

1.70 

4.00 

/.50 

210 

76.5 

B 

1900 

" 

'■ 

51.8 

" 

1.90 

3.80 

" 

2.40 

•■ 

D 

2000 

" 

52.4 

" 

2.00 

3.70 

•■ 

2.10 

F 

2100 

54 

55 

57.4 

7.50 

1.90 

4.50 

■■ 

2.20 

820 

B 

2550 

60 

63.6 

2.00 

2.30 

99.0 

B 

3100 

Plug: 


Table  No.  15 


L .7 ^  ~^j 

2    ribs  c       J.  l'    ,  3  ribs 

Spigot  bead 

e=  actuoil  outside  olioim.,   Toible  No.  I 


Dimensions    in    Inches 


Nom.diam 


m     No.  of  ribs 


f3 


Class 


Weight 


4 
6 
8 
10 
12 
14 
16 
18 
20 


5.5 


6.0 


6.5 


2.0 


2.50 
2.75 


.50 
.60 


1.00 


.40 


.50 


.60 


20 


30 


K 

10 

I 

15 

25 

H 

40 

■■ 

55 

■■ 

65 

" 

90 

F 

no 

■■ 

155 

Table  No.  16 

Offsets 

..-.s-^-> 

1^ 

1         --'^ 

-^n^ 

h — - 

-I   

WJ 

Dimensions    in     Inches 

Weight 

Nomdiam 

n 

s 

k 

z 

r 

f 

Class 

4 

2 

10 

13.85 

35.85 

8 

.46 

K 

95 

6 

" 

■■ 

2425 

46.25 

14 

.54 

I 

185 

8 

'• 

26.00 

48.00 

15 

.63 

I 

290 

10 

■• 

•' 

21.10 

49.10 

16 

70 

H 

405 

IZ 

•• 

29.45 

51.45 

n 

.11 

" 

540 

14 

•• 

" 

31.20 

53.20 

18 

.83 

" 

100 

16 

32.90 

54.90 

19 

.90 

900 

Table  No.  17 


Manhole      Pipes 


41^"  20 -If  bolts 
M^i^  I fe" holes 


::7.7" 


Dimensions   in   Inc 

hes 

Weight 

Dimensions  in  Indies 

Weight 

Nom. 
)iam. 

I 

n 

f 

Class 

Nom. 
Diam, 

I 

n 

f 

Class 

30 

17 

21 

.81 

B 

1790 

48 

17 

30 

I.IO 

B 

3220 

■■ 

" 

I.OI 

D 

2020 

1.40 

D 

3790 

■■ 

" 

1.20 

F 

2250 

" 

" 

1.70 

F 

4370 

36 

" 

24 

.90 

B 

2190 

54 

IS 

■33 

1.20 

B 

3960 

" 

■• 

■■ 

1.13 

D 

2520 

•■ 

1.54 

D 

4750 

" 

" 

■■ 

1.37 

F 

2850 

" 

" 

1.90 

F 

5760 

42 

" 

27 

1.00 

B 

2680 

60 

21 

36 

1.30 

B 

4800 

" 

" 

•• 

1.27 

D 

3130 

■■ 

■• 

■■ 

1.70 

D 

5840 

" 

" 

" 

1.53 

F 

3570 

■■ 

2/0 

F 

7120 

No+e   regarding    Lugs   on    Branches 


Lugs  of  fhe  form   and  dimensions  given    in  fine 
preceding  fables    are  to  he  placed  on  fhe   bells  of 
side   ou fiefs   on   all  branches,    on  ouflels  12  inches 
in  diamefer   and    larger. 

Number  and  Weight  of  Lugs  on  Outlets  of  different  sizes 


Diam.  of 

Outlet 

Ins. 


No.  of  Pairs 
of  Lugs 


Wt.  of  Lugs 

or\  one  bell. 

Lbs. 


Diam.  of 

Outlet 

Ins. 


No.  of  Pairs 
of  Lugs 


Wt.  of  Lugs 

on  one  belL 

Lbs. 


12 
14 
16 
18 
20 
24 
30 


32 


56 


80 


36 

42 

48 

54  Class  D 

"      "    F 

60     "    D 

"      "    F 


80 
III 
114 
126 
134 
129 
137 


Two  pairs  of  lugs  fo  be  placed  on  fhe  verfical 
-axis  of  each  bell     fhe  of  hers  fo  be  spaced  al  equal 
disfances   oi round  fhe.  circumference. 

If  branches  are  made  wifhouf  lugs  fhe  sfand- 
ard  weighfs   given   in  fhe  fables  shout d  be  reduced 
in  accordance    wifh  fhe  weighfs  given  above. 
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PKOCEEDIXGS. 
December  Meetixg. 

Hotel  Bruxsavick,    ■ 
Boston,  Mass.,  December  10,  1902. 
President  Frank  E.  Merrill  in  the  chair  ;  Willard  Kent,  Secretary. 
The  following  members  and  guests  were  present :  — 

Members. 

Frank  A.  Andrews,  Charles  H.  Baldwhi,  Lewis  M.  Bancroft.  Frank  A. 
Barbour,  Joseph  E.  Beals,  James  F.  Bigelow,  George  F.  Chace,  E.  J.  Chad- 
bourne,  G.  L.  Chapin,  John  C.  Chase,  William  F.  Codd,  Freeman  C.  Coffin, 
E.  C.  P.  Coggeshall,  Leonard  S.  Doten,  B.  R.  Felton,  Albert  S.  Glover, 
W.  J.  Goldthwait,  E.  H.  Gowing,  John  O.  Hall,  T.  G.  Hazard,  Jr.,  E.  J. 
Johnson,  AVillard  Kent,  George  A.  Kimball,  Theodore  H.  McKenzie, 
Henry  V.  Macksey,  William  E.  Maybury,  Frank  E.  Merrill,  Dwight  Porter, 
William  B.  Sherman,  Sidney  Smith,  George  H.  Snell,  Luciau  A.  Taylor, 
William  H.  Thomas,  W.  H.  Vaughn,  Charles  K.  Walker,  George  E.  Wilde, 
Frank  B.  Wilkins,  Frederic  I.  Winslow,  George  E.  Winslow.  — 39. 

Associates. 

Chapman  Valve  Mfg.  Co.,  by  Edward  F.  Hughes;  Coffin  Valve  Co.,  by 
H.  L.  W^eston;  William  V.  Briggs;  Hersey  Mfg.  Co.,  by  Albert  S. 
Glover  and  James  A.  Tilden;  Lamb  &  Ritchie,  by  Harry  F.  Peck;  Lead 
Lined  Iron  Pipe  Co.,  by  Thomas  E.  Dwyer;  Ludlow  Valve  Mfg.  Co.,  by 
H.  F.  Gould  and  S.  F.  Ferguson ;  A.  W.  Chesterton  Co.,  by  W.  II.  Green- 
wood; National  Meter  Co.,  b}'  Charles  H.  Baldwin  and  J.  G.  Lufkin;  Nep- 
tune Meter  Co.,  by  H.  H.  Kinsey;  Perrin,  Seamans  &  Co.,  by  James  C. 
Campbell;  Rensselaer  Mfg.  Co.,  by  Fred  S.  Bates;  A.  P.  Smith  Mfg.' Co., 
by  W.  H.  Van  Winkle;  Thomson  Meter  Co.,  by  S.  D.  Higley;  Union  Water 
Meter  Co.,  by  J.  P.  K.  Otis;  United  States  Cast  Iron  Pipe  and  Foundry  Co., 
by  W.  B.  Franklin.  —19.  * 

Guests. 

J.  J.  Moore,  Hingham ;  Edward  Atkinson,  President  Boston  Manufac- 
turers Mutual  Fire  Insurance  Co.,  Boston,  Mass. ;  D.  E.  Makepeace,  Water 
Commissioner,  Attleboro,  Mass.;  Charles  M.  Robbins.  Chairman  Board 
Park  Connuissioners,  Attleboro,  Mass. ;  William  A.  Tucker,  New  Bedford, 
Mass.  —  5. 

[Names  counted  twice  —2.] 


98  PROCEEDINGS. 

The  Secretary  submitted  the  following  applications  for  member- 
ship, the  same  having  been  duly  approved  by  the  Executive  Com- 
mittee :  — 

For  Resident  Member. 

D.  E.  ]\Iake])eace,  Water  Commissioner,  Attleboro,  Mass. ;  W.  C. 
Perkins,  Brookhne,  Mass.,  Hydraulic  Engineer,  formerly  in  charge  of 
water  works  in  Berlin,  N.  H. ;  George  E.  Boiling,  Chemist  and  Bac- 
teriologist in  charge  of  sewage  disposal  works,  Brockton,  Mass. ; 
Frank  H.  Golding,  Superintendent  Bradford  Water  and  Lighting 
Com])any,  Bradford,  Conn. 

For  Non- Resident  Member. 

Alfred  Douglass  Flinn,  Managing  Editor,  Fngineering  Record., 
New  York  City ;  David  J.  Howell,  Washington,  D.  C,  engaged  in 
preparing  plans  for  new  reservoir  for  Alexandria  Water  Company, 
Alexandria,  Va. 

On  motion  of  3Ir.  Bancroft,  the  Secretary  was  directed  to  cast  one 
ballot  in  favor  of  the  applicants,  after  which  they  were  declared 
elected  to  membership. 

Edward  Atkinson,  president  of  the  Boston  Manufacturers  Mutual 
Fu'e  Insurance  Company,  read  a  paper  entitled  "The  Relation  of 
Water  Works  Engineers  to  the  Fire  Service  of  Factories."  The 
subject  was  discussed  by  Charles  K,  Walker,  of  Manchester,  X.  H. ; 
George  H.  Snell,  of  Attleboro  ;  Walter  H.  Richards,  of  New  London, 
Conn. ;  Theodore  H.  McKenzie,  of  Southington,  Conn. ;  R.  C.  P. 
Coggeshall,  of  New  Bedford ;  Henry  V.  Macksey,  of  Boston ; 
George  F.  Chace,  of  Taunton  ;  and  John  C.  Chase,  of  Derry,  N.  H. 
Mr.  Atkinson  then  spoke  in  re])ly  to  criticisms  Avhich  the  discussion 
had  brought  out. 

Mr.  William  B.  Sherman,  of  Providence,  R.  I.,  gave  a  talk  on 
"  Practical  and  Theoretical  Precision  in  ICveryday  Life."  Edward 
Atkinson,  of  Boston,  and  Freeman  C.  Coffin,  of  Boston,  also  spoke. 

Adjourned. 
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P1K)CEEDIXGS. 

Annual  Mep:ting. 

Hotel  Brunswick, 
Boston,  January  14,  1903. 

President  Merrill  in  the  cliuir ;  Willard  Kent,  Secretary. 
The  following  nienil)er8  and  guests  were  present :  — 

Members. 
E.  W.  Bailey,  C.  H.  Baldwin,  L.  M.  Bancroft,  J.  E.  Beals,  J.  F.  Bigelow, 
J.  W.  Blacknier,  George  Bowers,  Dexter  Brackett,  E.  C.  Brooks,  Fred 
Brooks,  A.  W.  F.  Brown,  G.  A.  P.  Bucknam,  G.  F.  Chace,  J.  C.  Chase,  W. 
R.  Conard,  R.  C.  P.  Coggeshall,  M.  F.  Collins,  H.  A.  Cook,  F.  H.  Crandall, 
J.  W.  Crawford,  A.  O.  Doane,  J.  N.  Ferguson,  A.  D.  Flinn,  Albert  S.  Glover, 
J.  A.  Gould,  F.  W.  Gow,  E.  H.  Gowing,  C.  E.  Haberstroh,  J.  O.  Hall,  J.  C. 
Hammond,  Jr.,  G.  H.  Hart,  J.  D.  Hardy,  G.  W.  Harrington,  V.  C.  Hastings, 
L.  E.  Hawes,  Allen  Hazen,  D.  A.  Heffernan,  H.  G.  Holden,  J.  William 
Kay,  E.  W.  Kent,  Willard  Kent,  F.  C.  Kimball,  E.  S.  Earned,  J.  W.  Locke, 
T.  H.  McKenzie,  Thomas  McKenzie,  A.  E.  Martin,  William  E.  Maybury, 
F.  E.  Merrill,  H.  A.  Miller,  F.  L.  Northrop,  W.  W.  Patch,  Dwight  Porter, 
C.  W.  Sherman,  J.  Waldo  Smith,  G.  H.  Suell,  G.  A.  Stacy,  J.  J.  Sullivan, 
L.  A.  Taylor,  R.  J.  Thomas,  W.  H.  Thomas,  W.  H.  Vaughn,  C.  K.  Walker, 
R.  S.  Weston,  F.  B.  Wilkins,  G.  E.  Winslow,  E.  T.  Wiswall,  L.  R. 
Woods.  — 68. 

Associates. 

Builders  Iron  Foundry,  by  F.  N.  Connet;  Chapman  Valve  Mfg.  Co.,  by 
Edward  F.  Hughes;  Chas.  A.  Claflin  &  Co.,  by  Charles  A.  Claflin;  Coffin 
Valve  Co.,  by  H.  L.  Weston;  William  V.  Briggs;  Eagle  Oil  &  Supply  Co., 
by  C.  X.  Goword;  William  H.  Gallison  Co.,  by  H.  E.  Stilphen;  Hersey 
Mfg.  Co..  by  Albert  S.  Glover;  Henry  F.  Jenks;  Lead  Lined  Iron  Pipe  Co., 
by  Thomas  E.  Dwyer;  Ludlow  Valve  Mfg.  Co.,  by  H.  F.  Gould;  H.  Muel- 
ler Mfg.  Co.,  by  Fred  B.  Mueller;  National  Meter  Co.,  by  Charles  H. 
Baldwin  and  J.  G.  Lufkin;  Neptune  Meter  Co.,  by  H.  H.  Kinsey;  Rens- 
selaer Mfg.  Co.,  by  Fred  S.  Bates;  Ross  Valve  Co.,  by  William  Ross;  A. 
P.  Smith  Mfg.  Co.,  by  Anthony  P.  Smith;  Thomson  Meter  Co..  by  S.  D. 
Higley;  Union  Water  ]\Ieter  Co.,  by  F.  L.  Northrop;  Stilwell-Bierce  & 
Smith- Vaile  Co.,  by  F.  H.  Hayes.— 21. 
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Guests. 


John  W.  Chuichill,  Water  Commissioner,  Plymouth,  Mass.;  Charles  W. 
Shippee,  President  Miiford  AVater  Co.,  Milford,  Mass.;  F.  Herbert  Snow, 
Boston,  Mass. ;  Walter  T.  I  Jttlefield,  Somerville,  Mass. ;  S.  A.  Agnew, 
Superintendent  Scituate  Water  Works,  Scituate,  Mass. ;  Mr.  Gregory, 
Paterson,  N.  J.;  Charles  L.  Parmelee,  New  York  City;  A.  H.  Robinson. 
Lowell,  Mass.  —  8. 

(Names  counted  twice  —  3.) 

The  President  ai)pointe(l  Messrs.  George  E.  ^Vinslow  and  Thomas 
McKenzie  as  tellers  to  count  the  ballots  for  officers. 
The  following  new  members  were  elected  :  — 

Mesident. 

Courtland  E.  Colver,  Groton,  Conn.,  Superintendent  Groton  Water 
Co. ;  Samuel  A.  Agnew,  North  Scituate,  Superintendent  Scituate 
Water  Works  ;  John  W.  Churchill,  Plymouth,  Water  Commissioner ; 
Fred  V.  ^foore.  Civil  Engineer  Metropolitan  Water  Works,  Boston, 
Mass. 

N'on-Besident. 

E.  H.  Foster,  New  York,  Consulting  Engineer  and  Water  Works 
Expert;  Percival  M.  Churchill,  Assistant  Hydrographer  United 
States  Geological  Survey,  Washington ;  and  William  Volkhardt,  Su- 
perintendent Crystal  Water  Co.,  Stapleton,  N.  Y. 


President  Frank  E.  Merrill  then  delivered  the  following  address : 
PPESIDENT   MERRILL'S  ADDRESS. 

(Ttntleiatii  of  the  Xetn  England  W/fer  WofAs  Association,  — 
Once  more  time,  in  its  onward  flight,  has  rolled  off  its  cycle  of  the 
seasons,  and  we  gather  again  in  our  annual  meeting  to  review  our 
accomplishments  of  the  past  year  and  to  take  up  with  new  life  and 
vigor  the  duties  that  lie  before  us. 

The  enviable  position  Avhich  we  have  attained  as  a  ])rofessional 
association  will  act  as  an  incentive  to  continued  effort  on  the  part  of 
l)oth  officers  and  members  to  see  that  there  shall  be  no  retrogression. 

Harmony  and  progress  go  hand  in  hand;  and  who  shall  deny  that 
it  is  largely  due  to  the  a])sence  of  discordant  elements  in  our  organiza- 
tion tliut  we  have  been  eiuibled  to  attain  the  signal  success  that  is  so 
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unstiiitiiitrly  accorded  the  New  England  Water  AVorks  Association? 
I  deeiu  it  a  privilege  to  pay  tribute  to  the  spirit  of  good-fellow- 
ship which  has  pervaded  all  our  work  of  the  past  year,  and  to  express 
ray  a])])reciation  of  your  hearty  su])j)ort  and  cooperation,  factors  which 
are  so  essential  to  the  successful  administration  of  any  officer  who 
aspu-es  to  ]n-oduce  results. 

The  grim  reaper  has  again  entered  our  ranks,  and  I  have  to  record 
the  death  of  five  of  our  members,  reported  since  our  last  meeting. 

Mr.  William  Downey,  general  foreman  of  the  outside  work  of  the 
Worcester,  Mass.,  Water  Department,  died  October  1,  1901.  He  was 
elected  a  member  of  this  Association  .June  14,  1899. 

Mr.  Cyrus  B.  Martin,  Treasurer  of  the  water  company,  Norwich, 
N.  Y.,  died  April  2,  1902.  Mr.  Martin  w^as  one  of  the  older  mem- 
bers of  this  Association,  having  joined  on  June  17,  1887. 

Mr.  Joseph  C.  Hancock,  Superintendent  of  Water  Works  at 
Springfield,  Mass.,  for  thirty-eight  years,  died  on  July  12.  Mr. 
Hancock  was  one  of  the  original  members  of  our  Association.  He 
attended  the  preliminary  meeting  held  on  April  19,  1882,  and  his 
membership  <lates  from  the  founding  of  the  Association,  June  21, 
1882. 

Mr.  Frank  K.  Fuller,  an  engineer  on  the  ^letropolitan  Water 
Works,  died  August  1,  at  Santa  Cruz,  on  the  far  island  of  Teneriffe, 
whither  he  had  gone  in  pursuit  of  health.  Mr.  Fuller  l)ecame  a 
member  of  our  Association  March  14,  1900. 

Mr.  George  A.  Hotchkin,  Superintendent  of  the  Bureau  of  Water, 
Rochester,  N.  Y.,  died  in  that  city  October  0.  ]Mr.  Hotchkin  had 
been  connected  with  the  Itochester  Water  Works  for  many  years, 
and  was  elected  a  member  of  our  Association  on  June  lo,  1900. 

When  emerging  from  the  period  of  youth  into  manhood,  one 
naturally,  ])erha})S,  becomes  retrospective,  and  we  Avill  be  jjardoued, 
therefore,  as  we  approach  the  close  of  our  twenty-first  year  of  asso- 
ciate life,  for  glancing  backward  for  a  moment  in  review  of  our 
growth  in  numbers  and  in  financial  strength.  The  items  which 
follow  have  been  gathered  from  the  records  of  the  Association,  and 
have  been  tabulated  for  the  pixrpose  of  having  them  in  convenient 
form  for  reference  in  the  future  : 
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From  this  table  it  is  apparent  that  the  New  England  Water  Works- 
Association  is  to-day  on  an  eminently  satisfactory  basis  both  numer- 
ically and  financially. 

Our  membership  has  shoAvn  a  healthy  growth  during  the  past  year. 
Sixty-six  names  have  been  added  to  our  roll,  5  members  have  died, 
14  have  resigned,  and  15  have  been  dropped  for  non-payment  of 
dues  ;  the  net  increase  being  32.  The  total  membership  is  now  587, 
and  comprises  522  members,  60  associates,  and  5  honorary  members. 

The  finances  of  our  Association  are  in  a  very  satisfactory  condi- 
tion, and  the  funds  continue  well  guarded  by  Treasurer  Bancroft. 

Our  receipts  have  been  $5  158.48  and  our  expenses  have  amounted 
to  14  680.32,  so  that,  notwithstanding  several  extraordinary  expendi- 
tures, our  payments  have  kept  well  within  our  receipts  and  all  bills 
have  been  paid,  so  that  there  are  no  accounts  outstanding  against  us. 

The  balance  in  our  treasury  at  the  beginning  of  the  year  was 
12  063.57  and  at  the  close  we  show  a  balance  of  $2  541.73,  a  gain  for 
the  year  of  -1478.16,  or  more  than  twenty- two  per  cent. 

Our  present  financial  standing  may  be  stated  as  follows  :  — 

Assets.  Liabilities. 

Cash  in  Treasury $2  541.73  Accounts  Paj^able $0  OOO.OO 

Uncollected     Advertise-  Excess  of  Assets   over 

ments 662.50  Liabilities 4  065.86- 

Uncollected   Dues 592.10 

Sundrj'   U  nc  ol,l  e  ct  ed 

Accounts  19.53 

Office  Furniture,   value,         250.00 

Total. $4  065.86  Total $4  065.86. 


In  addition  to  the  above  we  have  an  excellent  liltrary  that  is  con- 
stantly increasing  in  value. 

Details  of  interest  are  presented  in  the  reports  of  the  Secretary, 
Treasurer  and  Editor,  which  I  commend  to  your  careful  attention. 

The  personnel  of  our  membership  continues  to  be  our  pride ;  the 
interest  in  our  work  during  the  year  has  suffered  no  diminution ;  the 
attendance  at  our  meetings  has  been  well  sustained,  and  the  papers 
presented  have  been  especially  instructive  and  helpful. 

Meetings  have  been  held  as  follows  :  — 

January  8.     Annual  meeting  at  Young's  Hotel.     Attendance  73. 
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February  I'l.  Monthly  meeting  at  Young's  Hotel.  .Vttendance 
106. 

March  12.     Monthly  meeting  at  Young's  Hotel.     Attendance  76- 

June  25.  Annual  field  day.  This  meeting  was  devoted  to  a 
m^ost  enjoyable  excm'sion  down  Boston  Harbor,  by  special  steam- 
boat, a  shore  dinner  at  Nantasket  Point  Hotel,  and  a  very  interest- 
ing visit  to  the  works  of  the  Fore  River  Ship  and  Engine  Company 
in  Quincy.     The  number  j^articipating  in  this  exciirsion  was  174. 

September  10,  11,  12.  Annual  convention  in  Boston,  with  head- 
quarters at  Hotel  Brimswick,  Copley  Square.  Business  meetings 
Avere  held  in  the  morning  and  afternoon  of  September  10,  with  an 
illustrated  lecture  in  the  evening  by  Mr.  Frederic  P.  Stearns,  chief 
engineer  Metropolitan  Water  Works,  on  recent  progress  in  the  con- 
struction of  the  works  under  his  charge. 

On  the  11th,  meetings  were  again  held  in  the  morning  and  afternoon, 
and  in  the  evening  Past-President  Desmond  FitzGerald  entertained 
a  large  audience  with  an  illustrated  talk  on  "  What  an  Engineer  Saw 
in  Venice."  At  these  sessions  interesting  papers  were  presented  by 
other  members  of  the  Association,  which  a})pear  in  the  pages  of  the 

JOURXAL. 

On  Friday,  Se}»teml)er  12,  an  excursion  was  made  to  the  Metropoli- 
tan Water  Works,  visiting  the  work  in  progress  in  Clinton,  Wayland, 
and  Weston.  The  trip  was  made  especially  enjoyable  to  the  185 
members  Avho  composed  the  party  through  courtesies  extended  l)y 
the  Boston  &  Maine  Railroad  Coriipany  and  the  Metropolitan  Water 
and  Sewerage  Board.  The  registered  attendance  at  the  meetings  of 
this  convention  was  291. 

The  associate  memljers  displayed  one  of  their  best  and  most  in- 
teresting exhibits  of  water- Avorks  appliances,  and  rendered  Aaluable 
assistance  in  making  this  a  most  successful  convention. 

November  12.  Monthly  meeting  at  Hotel  BrunsA\'ick.  ^Ittend- 
ance  07. 

December  10.  ^Monthly  meeting  at  Hotel  I>ruiis\vick.  Attend- 
ance 56. 

The  December  meeting  was  held  during  a  sj)ell  of  extremely  cold 
weather,  which  undoubtedly  accounts  for  the  small  attendance. 

The  proceedings  of  the  past  year  have  been  signalized  by  the 
reports  of  two  committees  that  have  had  under  consideration  matters 
of  nuich  interest  in   water-works  ])ractice.      First  in   im])ortance   is 
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that  of  the  Committee  on  Standard  S]»ec'itications  for  Cast  Iron  Pipe, 
and  much  credit  should  be  awarded  this  committee  for  the  thorough- 
ness which  characterized  their  consideration  of  the  various  matters 
involved  in  this  question.  The  results  promise  to  l)e  of  sjreat  and 
lasting-  benefit  in  the  construction  of  water  works  through  a  stand- 
ardization of  pipes  and  specials. 

Xext  was  the  report  of  the  Committee  on  Uniform  Statistics.  This 
committee  ] (resented  a  modification  of  the  form  heretofore  in  use 
for  water- works  statistics,  which  met  with  the  approval  of  this  Asso- 
ciation, and  is  likely  to  l)e  generally  adopted  by  the  'organizations 
having  an  interest  in  uniformity  of  municipal  statistics. 

The  committee  having  under  consideration  the  subject  of  "  Appor- 
tioniuent  of  Charges  for  Private  P^ire  Protection  and  the  Means  of 
Controlling  the  Supply  Thereto  "  is  also  entitled  to  honorable  mention 
for  their  effort  to  satisfactorily  settle  several  vexed  questions.  I^n- 
fortunately  they  failed  to  bring  in  a  unanimous  report,  and  another 
committee  has  been  formed  to  give  further  study  to  the  subject. 

It  has  been  stated  many  times,  but  will  bear  repeating,  that  the  ob- 
ject of  our  Association  —  namely,  the  exchange  of  knowledge  pertain- 
ing to  the  construction  and  management  of  water  works  —  should 
apj)eal  to  every  otiicial,  of  whatever  title,  who  is  responsible  in  any 
degree  for  the  proper  conduct  of  a  water- works  ])hmt.  It  would  be 
a  good  investment  for  every  city,  town,  or  company  owning  water 
works  to  be  represented,  at  its  expense^  in  the  membership  of  this 
Association  by  at  least  one  official ;  and  then  it  should  be  seen  to  that 
80  far  as  jjossible  he  attended  the  meetings. 

A  vast  amount  of  good  is  obtained  by  the  stay-at-home  member  of 
our  Association  through  a  perusal  of  the  pages  of  our  Joukxal,  but 
an  even  greater  benefit  is  derived  through  the  social  intercourse  and 
the  exchange  of  ideas  afforded  by  our  meetings,  the  coming  into 
personal  contact  with  the  masters  of  the  profession,  and  the  op])or- 
tunity  given  here  to  listen  to  the  M'ords  of  wisdom  born  of  experience, 
as  they  drop  from  the  lii>s  of  the  many  eminent  contributors  to  our 
valuable  and  increasing  fund  of  information  on  water- works  topics. 

Your  Executive  Committee  has  given  faithful  attention  to  all  the 
matters  that  have  come  before  it,  and  a  record  of  its  doings  is  this 
year,  for  the  first  time,  included  in  the  several  issues  of  the  Jourxal. 
One  of  the  acts  of  this  committee  was  to  renew-  the  lease  of  the  As- 
sociation headquarters  in  Tremont  Teiui)le  for  another  term  of  three 
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years,  and  I  wish  to  take  this  opportunity  to  urge  you  all  to  use  these 
finely  appointed  rooms  more  freely  than  has  been  your  custom. 
There  you  will  find  an  efficient  clerk  to  give  you  information,  a  valu- 
able library  for  your  researches,  current  magazines,  stationery,  and 
like  conveniences,  with  ample  room  for  business  appointments  or 
conferences.  The  privileges  are  yours,  and  it  is  for  you  to  enjoy 
them. 

In  reference  to  our  library  I  will  add  that  we  all  have  an  oppor- 
tunity here  to  benefit  the  Association  by  making  such  contril)utions 
as  we  can  from  time  to  time  to  the  bookshelves. 

Our  JouRKAL  is  growing  more  valuable  with  each  succeeding  issue. 
I  may  safely  say  that  the  December  number  has  not  been  equalled 
by  any  similar  publication  for  the  amount  of  jn-actical  and  interesting 
matter  within  its  covers.  As  the  official  publication  of  the  foremost 
organization  devoted  to  the  interests  of  water  works,  it  requires  much 
time  and  editorial  ability  to  bring  it  forth  in  the  acceptable  form  in 
which  it  always  comes  to  us,  and  you  will  agree  with  me  in  recog- 
nizing the  eminent  fitness  for  this  work  of  our  Editor,  Mr.  Sherman. 

The  card  index  which  has  so  long  been  an  object  of  deshe  as  a 
complete  reference  to  our  Jourxal  contributions  is  soon  to  become  a 
materialization,  as  your  Executive  Committee  has  authorized  the  as- 
sistance of  expert  indexers,  who  are  now  engaged  in  the  work. 

The  value  of  an  Advertising  Agent  has,  I  think,  been  apparent  in 
the  results  shown  by  the  work  of  Mr.  Thomas.  It  seems  desirable 
that  the  Journal  should  be  self-supporting.  To  accomplish  this  end, 
and  to  maintain  the  high  standard  of  excellence  to  which  the  Journal. 
asi)ires,  it  is  necessary  that  much  attention  be  given  the  advertising 
department.  The  results  of  the  past  year,  showing  a  net  gain  of 
three  pages  and  a  total  advertising  value  for  the  year  of  $1  990, 
are  certainly  most  gratifying,  I  can  only  urge  that  in  return  you 
will  give  to  those  concerns  that  favor  the  Association  with  their 
advertising  patronage,  all  of  Mhom  are  entirely  reliable,  all  the 
encouragement  you  can  by  consulting  them  relative  to  such  pur- 
chases as  you  may  make.  I  will  further  suggest  your  making  it 
known  to  them  that  your  inquiries  result  from  their  advertisement  in 
the  Journal. 

The  duties  of  Secretary  of  an  organization  like  our  own  require 
the  qualities  of  tact,  energy  and  versatility.  The  NeAV  England 
Water  Works  A^soc-iation  always  has  been  fortunate  in  its  choice 
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of  men  to  fill  that  position ;  much  of  its  success,  in  fact,  can  be  traced 
to  the  able  services  of  such  men  as  Cogg-eshall,  Glover,  and  Whitney, 
Avho  have  honored  this  office  in  the  past,  and  to  their  worthy  succes- 
sor, our  present  Secretary  Kent. 

The  affau's  of  our  Association  appear  to  be  in  so  altogether  satis- 
factory a  condition  that  there  seems  little  left  to  be  desu-ed,  yet 
it  will  not  do  for  us  to  rest  content  with  the  success  which  we  have 
achieved.  There  are  opportunities  before  us  to  still  fiu'ther  signalize 
our  organization  as  a  leader  and  authority  in  matters  pertaining  to 
water- works  theories  and  practice.  Such  problems  as  conservation 
and  protection  of  water  supplies,  equitable  charges  for  water,  methods 
of  assessing  and  collecting  water  rates,  financial  relations  between 
the  water  and  other  miinicipal  departments,  and  kindred  questions, 
are  live  and  interesting  subjects  for  your  consideration,  and  if  taken 
up  in  the  meetings  of  this  Association  cannot  fail  to  be  of  value  as  a 
record  of  the  prevailing  customs  and  sentiments  in  different  munici- 
})alities,  even  if  it  is  too  much  to  hope  that  uniformity  of  i)olicy  may 
result  therefrom. 

The  jjractical  su])erintendent,  the  man  of  experience  and  ideas, 
who  can  tell  us  how  best  to  lay  and  maintain  a  line  or  a  system  of 
Avater  pipes  and  their  various  appurtenances,  who  knows  how  to 
straighten  out  the  numerous  kinks  that  are  not  mentioned  in  the 
books  but  are,  nevertheless,  so  frequently  in  evidence  in  the  manage- 
ment of  a  water- works  plant,  must  not  be  allowed  to  remain  in  the 
background  in  the  proceedings  of  our  meetings ;  the  water  registrar, 
the  trained  office  manager,  with  his  intimate  knowledge  of  water- 
works accounting  and  his  wide  experience  with  a  critical  public  in 
matters  connected  with  the  monetary  end  of  the  business,  must  be 
prevailed  upon  to  give  up  to  us  the  secret  of  his  successful  office 
methods ;  the  engineer  and  specialist  must  continue  to  give  us  the 
benefit  of  their  technical  training  and  the  results  of  their  researches 
along  lines  that  appeal  to  us  from  a  practical  water- works  stand- 
point. 

The  founders  of  our  Association  laid  their  work  true  to  line  and 
grade,  and  builded  well ;  and  now,  in  this  later  day,  having  the  suita- 
ble material  at  our  hand,  it  should  not  be  difficult  for  us  to  properly 
dis})ose  it  and  carry  the  structure  along  in  a  manner  that  will  be  a 
credit  to  the  ])ast,  an  honor  to  the  present,  and  an  inspiration  to  the 
future. 
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In  retii'ing  now,  at  the  close  of  my  term,  from  the  high  and  honor- 
able position  to  which  you  have  seen  fit  to  elevate  me,  a  position  to 
which  my  thoughts  will  ever  turn  with  pride,  I  hand  over  to  my 
successor  the  duties  and  burdens  of  the  office,  but  shall  hope  to  retain 
indefinitely  that  confidence  which  you  have  reposed  in  me  and  the 
good  will  and  friendly  spirit  which  you  have  always  so  generously 
manifested  toward  me. 

I  wish  the  Association  and  you  individually  a  hap])y  and  prosperous 
year. 

REPORT   OF   THE    SECRETARY. 

The  Secretary,  Mr.  Willard  Kent,  submitted  the  following  report :  — 

Mr.  President  and  Gentlernen  of  the  IVev^  England  Water  Works 
Association,  —  I  have  the  honor  to  submit  the  following  report  of 
membership,  receipts,  and  disbursements  of  the  Xew  England  Water 
Works  Association  for  the  year  ending  December  ol,  1902  :  — 

MEMBERSHIP. 

The  total  membership  of  the  Association,  Januarj^  1,  1902  was 555 

The  present  membership  is 587 

A  net  increase  during  the  year  of 32 

The  membership  is  divided  as  follows  :  — 

MEMBERS. 

January  1,  1902.     Total  Active  Membership 493 

AVithdrawals : 

Resignations 11 

Dropped 12 

Died 5 

Transferred  1  29 


464 


Initiations : 

January 4 

February    • 11 

March 5 

June    12 

September ••  ]0 

November 9 

December G 

Reinstated • 
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HONOKAKY  MEMBERS 


Januaiy  1,  1902.     Honorary  members 4 

Addition 1 


ASSOCIATES. 

January-  1, 1902.     Total  associate  membership 58 

Withdrawals : 

Eesignations 3 

Dropped 3  6 

52 
Initiations : 

January  1 

February    1 

September 6  8  GO 

January  1,  1903.     Total  Membership   587 


Summary  of    Receipts   and    Disbursements  of  the   New  England 
AVater  Works  Association  for  the  Year  1902. 

receipts. 

Dues $2  406.85 

Advertising 1  599.00 

June  excursion    346.00 

September  excursion    270.00 

Initiations     223.00 

Journals 211.60 

Sundry 32.30 

$5  088.75 
DISBURSEMENTS. 

Journal $i  G61.69 

JReut   400.00 

Stationery 321.27 

Advertising-  Agent    309.05 

Editor    300.00 

Assistant  Secretary   300.00 

Incidental  expenses 249.06 

September  excursion    242.00 

June  excursion  241.00 

Secretary 200.00 

Stenographer 141.75 
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Typewriting  machine $100.00 

Music 56.00 

Cash 50.00 

Stereopticon    48.50 

Reprints    43.00 

Transportation  Agent 17.00 

Total $4:  680.32 

Amount  of  Receipts  above  expenditures 0408.43  * 

At  the  present  time  there  is  due  the  Association :  — 

For  Dues $592.10 

For  Advertising 662.50 

For  Sundries    19.53 

Total SI  274.13 

I  know  of  no  outstanding  bills  against  the  Association. 

Respectfully  submitted, 

WiLLARD    Kext, 

/Secretary. 

On  motion  of  Mr.  Coggesliall    the  report  of   the    Secretary  was 
accepted  and  placed  on  tile. 


*  The  larger  figure  given  lu  the  President's  address  Includes  interest  on  deposits,  not 
received  by  the  Secretary. 
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REPORT   OF   THE   TREASURER. 

]\[r.  Lewis  M.  Bancroft,  Treasurer,  submitted  the  following  report, 
■which,  having  been  duly  audited,  as  shown  b}'  the  report  of  the 
Finance  Committee,  was  received,  accepted,  and  ])laced  on  tile,  on 
motion  of  Mr.  Stacv. 
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REPORT    OP^   EDITOR    OF   THE   JOURNAL. 

Mr.  Charles  W.  Sherman,  Editor  of  the  Jourxal,  sulimitted  the 
following  report :  — 

Boston,  January  1,  1903. 

To  the  New  England  Water  Works  Association, — The  Editor 
of  the  Joi'RXAL  presents  the  following  as  his  report  for  the  year 
190-2:  — 

The  December  issue  of  the  Journal  contained  thirty  and  one  third 
pages  of  paid  advertisements,  of  an  annual  value  of  f  2  091.  A  year 
ago  the  Advertising  Agent  reported  twenty-seven  and  one  third  pages 
of  advertisements,  worth  $1  929  per  year.  The  gain  is  best  shown, 
however,  by  comparison  with  the  number  for  December,  1900,  which 
was  the  last  issue  preceding  the  election  of  an  Advertising  Agent ; 
that  issue  contained  but  |1  145  worth  of  advertising  in  annual  value. 

Although  a  material  gain  in  amount  of  advertising  has  been  made, 
the  receipts  for  the  year  from  this  source  have  been  less  than  in 
1901.  The  reason  for  this,  and  the  consequent  apiKirently  bad  finan- 
cial report  exhibited  in  Tables  Nos.  2  and  3,  following,  is  found  in 
the  late  api)earance  of  the  December  issue.  Ordinarily  it  would  have 
been  out  about  December  1,  but  on  account  of  the  time  required  for 
com])uting  tables  of  special  castings,  to  accompany  the  Standard 
Specifications  for  Cast  Iron  Pipes  and  Special  Castings,  its  appearance 
was  delayed  until  December  29.  This  left  too  little  time  to  send  out 
bills  for  a<lvertising  and  get  any  returns  from  them  l)efore  the  end  of 
the  year. 

The  accompanying  tables  show  in  detail  the  amount  of  material  in 
the  Journal,  the  receipts  and  expenditures,  and  a  comparison  with 
the  two  preceding  \olumes. 

Without  crediting  the  Joui'^xal  with  any  part  of  the  dues  2)aid  by 
members,  it  will  1)6  observed  that  the  expenses  incurred  on  account 
of  the  JouitNAL  amount  to  ^622.89  more  than  the  receipts.  This  is 
<liie  largely  to  the  failure  to  send  out  during  the  year  all  the  adver- 
tising bills  properly  I)elonging  to   1902,  as  already  ex[)lained.     It  is 
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also  due  in  part  to  the  unusually  large  expenses  for  drafting  and 
engraving,  in  preparing  tables  to  accompany  the  reports  of  the  com- 
nuttee  on  pipe  specifications,  and  in  printing  advance  copies  of 
these  reports.  It  should  be  noted  here  that  the  expense  to  the  Asso- 
ciation would  have  been  much  greater  had  not  the  Metropolitan 
AVater  Works  assumed  the  expense  of  computating  the  tables  of  spe- 

TABLE  No.  1.  — Statement  of  Material  in  Volume  XVI,  Journal 
OF  the  New  England  Water  Works  Association,  1902. 


Date  of  Issue. 

Number  of  Pages  op 

'A 

t 

o  ?n 

8-t 

1 

■a 

if 

t 

1 

March 

61 

•23 

32 

4 

3 

123 

2 

2 

June 

7^ 

3 

82 

32 

4 

4 

102 

8 
9 

3 

September 

5 

82 

34 

4 

-^ 

128 

4 

December 

135 

20 

155 

10 

34 

4 

8 

211 

22 

Total 

352 

51 

403 

10 

132 

16 

23 

584 

41 

TABLE  No.  2.  — Receipts  and  Expenditures  on  Account  of  Volume 
XVI,  Journal  of  the  New  England  Water  Works  Association, 
1902. 


Receipts. 

Expenditures. 

From  Advertisemeuts    . 

.    %\  599.00 

For  Printing  Journal      .     . 

f  1  297.63 

„      Sale  of  Journals  . 

90.60 

„     Preparing  Illustrations 

232.21 

„      Sale  of  Reprints  . 

5..50 

„     Editor's  Salary    .    .    . 

300.00 

„      Sale  of  Cuts     .    . 

1.00 

.,     Editor's  Incidentals     . 

34.55 

„      Subscriptions    .    . 

121.00 

,,      Advertising  Commmis- 

f  1  817.10 

sions 

309.05 

,,     Reporting 

141.75 

„     Reprints  and  Advance 

Copies 

107.50 

Excess  of  Expenditures 

622.89 

,,     Statistics  Forms .    .    . 

17.30 

f  2  439.99 

$2  439.99 
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TABLE  No.  3.  —Comparison  between  Volumes  XIV,  XV  (4  numbers), 
AND  XVI,  Journal  of  the  Xew  England  Water  Works  Asso- 
ciation. 

4  numbers 
of 

Vol.  XIV.  Vol.  XV.  Vol.  xri. 

Edition  (copies) 1  100  1  200  1  200 

Average  membership ■ 601  586  571 

Pages  of  text.... 345  363  403 

Pages  of  text  per  1  000  members 600  618  707 

Total  ptiges,  all  Idiids 485  536  584 

Total  pages  per  1  000  members 832  913  1  020 

Gross  Cost: 

Total   $1954.15  $2  194.26  $2  439.99 

Per  page 4.03  4.10  4.18 

Per  member 3.35  3.75  4.27 

Per  member^per  1  000  pages 6.91  6.99  7.32 

Per  member  per  1  000  pages  of 

text 9.71  10.31  10.60 

Net  Cost: 

Total $347.55              $332.90              $622.89 

Per  page 72  .62  1.07 

Per  member .60  .57  1.09 

Per  member  1  000  pages 1.23  1.06  1.87 

Per  member  per  1  000  pages  of 

text 1.73  1..57  2.71 

cial  castings,  in  order  to  have  them  more  immediately  available  for 
then-  OAvn  use.  This  was  done  through  the  cooperation  of  our  mem- 
bei-s,  Frederic  P.  Stearns,  Chief  Engineer,  and  Dexter  Brackett, 
Engineer  of  the  Di8triV)ution  Department  of  the  Metropolitan 
WMer  Works. 

The  usual  fifty  reprints  of  papers  have  been  furnished  to  then- 
authors  without  charge.  Two  hundred  rej^rints  of  the  preliminary 
report  of  the  committee  on  pipe  specifications  were  printed  as  an  aid 
to^  the  committee.  The  net  cost  to  the  Association  of  these  reprints 
has  averaged  16.30  for  each  paper  reprinted. 

The  total  cost  of  illustrations  for  this  volume  has  been  1385.71,  or 
13.7  per  cent,  of  the  gross  cost  of  the  Journal.  This  percentage  is 
large,  but  results  princii)ally  from  drafting  and  engraving  tables  for 
the  pipe  specifications. 

The  pi-esent  circulation  of  the  Journal  is  :  — 

Members  (all  grades) 587 

Subscribers • 40 
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Exchanges  are  made  with  twenty-one  periodicals. 

The  custom  of  sending  out  three  hundred  sample  copies  of  each 
issue  has  been  continued.  Originally  one  number  of  each  volume 
was  sent  to  every  water  works  in  this  country  and  Canada,  but  a 
few  years  ago,  in  order  to  comply  with  new  rulings  of  the  Postottice 
Department,  the  present  method  ^^as  adopted.  Under  this  arrange- 
ment a  copy  is  sent  to  every  water  Avorks  in  the  United  States  and 
Canada  about  once  in  eighteen  months.  These  sample  copies  do  not 
seem  to  result  in  benefit  to  the  Association  at  all  commensiirate  with 
then-  cost,  and  it  is  doubtful  whether  the  advertisers  reap  any  return 
from  this  attempt  to  extend  the  chculation. 

The  reprints  from  the  December  number  of  the  Journal  are  not 
yet  ready.  The  Standard  Specifications  for  Cast-iron  Pipe  and  Spe- 
cial Castings  are  also  being  reprinted  in  pamphlet  form ;  it  is  the 
intention  to  supply  whatever  demand  there  may  be  for  these  specifi- 
cations at  cost.  This  work  is  not  yet  completed,  and  of  course  the 
l)ills  for  it  have  not  yet  been  presented.  A  general  index  to  the 
JouRXAL,  fi'om  the  first  number,  is  now  being  prepared  on  cards  by 
the  Library  Bureau.  This  card  index  will  be  kept  at  headquarters, 
and  AAill  be  kept  up  to  date.  It  is  also  the  intention  to  ]>rint  the 
index  in  pamphlet  form  for  distribution  to  the  members. 

With  the  exception  of  the  unfinished  work  just  mentioned,  for 
which  bills  have  not  been  rendered,  I  know  of  no  unpaid  accounts 
against  the  Association  on  account  of  the  Jourxal. 
Kespectfrilly  sul)mitted, 

Charles  W.  Shermax, 

Editor. 

On  motion  of  Mr.  Holden  the  report  of  the  Editor  was  received, 
accepted,  and  placed  on  file. 

Mr.  A.  F.  W.  Brown,  on  behalf  of  the  Finance  Committee,  re- 
ported that  the  committee  had  examined  the  accounts  of  the  Secre- 
tary and  of  the  Treasurer,  and  found  them  correct,  correctly  footed, 
and  with  the  proper  vouchers. 

On  motion  of  ]Mr.  Fuller  the  report  of  the  Finance  Committee 
was  accepted. 

The  Presidext.  We  are  honored  this  afternoon  by  the  presence 
with  us,  as  our  guest,  of  the  chief  executive  of  one  of  the  leading 
cities  of  the  Commonwealth,  and  I  have  the  pleasure  of  introducing 
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to  you  at  this  time  his  Honor  Mayor  Grant,  of  Lawrence.  [Ap- 
plause.] 

Hon.  Alexander  L.  Grant.  Mr.  President  and  members  of 
the  Association,  if  there  is  anything  I  did  not  expect  this  afternoon, 
it  was  that  I  should  be  called  uj^on  to  make  a  speech.  I  am  rather 
young  in  municipal  management,  and  I  cannot  tell  you  gentlemen 
much  about  water  works  or  the  water  department.  It  seems  to  me 
that  a  great  deal  of  good  must  come  from  these  meetings  and  from 
the  exchanging  of  views  and  ideas  here.  I  am  a  student  in  my  city, 
but  I  believe  that  one  of  the  most  important  dejtartments  in  the  city 
is  its  water  department  and  that  there  are  few  things  more  important 
for  the  health  of  the  city  than  a  supply  of  pure  water.  We  have  a 
filtering  system  that  we  are  told  is  a  line  one,  but  the  capacity  of  the 
present  lilter  is  not  sufficient,  as  I  am  informed,  and  we  are  now  tak- 
ing up  the  matter  and  are  going  to  trj^  to  increase  its  capacity,  and  I 
think  we  can  do  it  under  the  efficient  lead  of  our  water  board.  I 
know  little  or  nothing  about  water- works  matters,  but  I  am  going  to 
try  and  learn,  and  I  am  going  to  come  down  here  once  in  a  while,  if 
my  friends  are  good  enough  to  invite  me,  to  meet  with  you.  I  am 
glad  to  be  here  this  afternoon ;  I  have  enjoyed  myself  very  much, 
and  I  wish  I  were  better  able  to  talk  to  you  on  the  subject  of  water 
supjjly.     I  thank  you,  gentlemen.     [Applause.] 

The  first  paper  for  the  afternoon  was  by  E.  H.  Gowing,  Civil  En- 
gineer, Boston,  entitled  "  How  I  Reduce  Pressure  on  a  Gravity 
System."  The  subject  Avas  discussed  by  Freeman  C.  Coffin,  Frank 
L.  Fuller,  J.  Waldo  Smith,  Edwin  C.  Brooks,  and  Dexter  Brackett. 
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ELECTION    OF   OFFICERS. 

Mr.  George  E.  Winslow  sulnuitterl  the  following  report  of  tlie 
Tellers  appointed  to  canvass  ballots  for  officers  for  the  ensuing  year :  — 

Total  number  of  ballots,  "JOT. 

For  President. 
Charles  K.  Walker,  Manchester,  N.  H.,  203. 

For   Vice-Presidents. 
V.  C.  Hastings,  Concord,  N.  H.,  197. 
George  P.  Wescott,  Portland,  Me.,  193. 
Edwin  C.  Brooks,  Cambridge,  Mass.,  199. 
E.  W.  Kent,  Woonsocket,  R.  I.,  194. 
H.  N,  Turner,  St.  Johnsbury,  Vt.,  193. 
J.  C.  Hammond,  Jr.,  Rockville,  Conn.,  196. 

For  Secretary. 
WiLLARD  Kent,  Narragansett  Pier,  R.  I.,  200. 

For  Treasurer. 
L.  M.  Bancroft,  Reading,  Mass.,  200. 

For  Editor. 
Charles  W,  Sherman,  Boston,  Mass.,  203. 

For  Advertising  Agent. 
Robert  J.  Thomas,  Lowell,  Mass.,  203. 

For  Additional  Members  of  Executive  Committee. 
P.  Kieran,  Fall  River,  Mass.,  203. 
George  A.  Stacy,  Marlboro,  Mass.,  202. 
H.  G.  HOLDEN,  Nashua,  N.  H.,  202. 

For  Finance  Committee. 
E.  J.  Chadbourne,  Wakefield,  Mass.,  202. 
W.  F.  Codd,  Nantucket,  Mass.,  203. 
A.  R.  Hathaway,  Springfield,  Mass.,  204. 

These  gentlemen  were  declared  elected.  The  retu-iug  President, 
Mr.  Merrill,  in  calling  the  newly  elected  President  to  the  chau-,  spoke 
as  follows :  — 


120  PROCEEDINGS. 

Your  President-elect  needs  no  introduction  to  you,  gentlemen. 
He  has  been  in  and  out  of  these  meetings  for  many  years  and  has 
regaled  us  with  his  wit  and  his  wisdom  so  many  times  that  it  would 
be  out  of  place  for  me  to  presume  to  introduce  him  to  you.  He  was 
one  of  those  twenty-one  men  who  assembled  in  a  neighboring  hotel 
on  the  19th  of  April,  1882,  and  on  June  21st  of  that  year  he  assisted 
in  founding  the  New  England  Water  Works  Association.  I  am  sure 
that  he  would  have  filled  the  office  to  which  he  has  just  been  elected 
many  years  ago,  had  it  not  been  for  the  characteristic  New  Hamp- 
shire modesty  which  has  always  been  so  becoming  to  him. '  [Laugh- 
ter.] I  congratulate  the  Association  upon  having  finally  landed  him 
[applause] ;  and  I  congratulate  you,  Mr.  President,  upon  entering 
upon  the  duties  of  your  office  under  such  favoring  auspices.  Gentle- 
men, I  now  have  the  pleasure  of  presenting  to  you  your  President, 
Charles  K.  Walker.     [Applause.] 

President  Walker  on  taking  the  chau-  spoke  as  follows :  — 
Gentlemen,  —  I  feel  very  grateful  and  very  thankful  for  the  honor 
you  have  conferred  upon  me.  I  tell  you  that  I  appreciate  it,  because 
I  know  most  of  the  members  of  this  Association,  although  I  do  not 
know  them  all  by  name ;  their  faces  are  familiar  to  me,  and  I  have 
shaken  hands  with  them.  I  am  very  glad  to  accept  this  j^osition  to 
which  you  have  elected  me,  but  still  I  accept  it  very  reluctantly,  be- 
cause you  have  had  presidents  in  the  past  who  know  as  much  again 
as  I  do,  men  of  ability,  —  smart  men.  But  I  suppose  I  have  been 
elected  because  I  am  an  old  fellow,  about  ready  to  step  down  and 
out.  [Cries  of  "  No !  No !  "]  I  will  tell  you  just  exactly  how  I  came 
to  consent  to  take  the  nomination.  I  saw  Mr.  Hastings,  of  Concord, 
coming  to  my  office  one  day,  as  I  looked  out  of  the  window,  and  I 
said  to  myself,  "  What  in  the  dickens  is  Hastings  doing  down  here  ?  " 
He  came  into  the  office  and  I  said,  "Is  there  anything  I  can  do  for 
you.?  "  Said  he,  "  I  am  going  to  sit  right  down  here  with  you  and 
stay  here  until  you  accept  the  nomination  for  President  of  our  Asso- 
ciation." Said  I,  "  You  will  have  a  long  time  to  stay,  then,  for  I 
shall  not  consent."  Said  he,  "It's  an  honor  for  a  man  to  be  Presi- 
dent of  this  Association."  I  said,  "  I  know  that,  but  I  prefer  to  be 
the  chaplain.  I  want  to  be  chaplain  long  enough  to  bury  some  of 
my  insurance  friends."  [Laughter.]  I  told  him  I  was  too  old  a 
man,  there  was  no  mistake  about  it ;  that  I  could  n't  bear  the  burdens 
of  the  office,  but  lie  replie<l,   "Why,  you  are  younger  tlian  a  good 
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niauy  of  those  fellows  down  there  who  are  only  forty."     Well,  that 
kind  of  broke  me  down,  and  I  finally  consented. 

You  must  bear  with  me  a  little,  for  I  have  got  to  have  some  help 
in  this  business ;  and  I  know  there  are  some  folks  right  around  me 
now  who  are  ready  to  help  me.  We  have  among  our  members  some 
of  the  smartest  men  in  America,  some  of  the  best  engineers ;  and 
here  am  I,  not  an  engineer  and  not  much  of  anything  else,  so,  as  I 
said,  it  is  very  reluctantly  that  I  accept  the  i)residency  of  the  Asso- 
ciation. 

Mr.  Leonard  ^letcalf,  of  Boston,  read  a  jta})er,  illustrated  l)y  the 
stereojtticon,  descriptive  of  the  Echo  Lake  Dam  at  Milford,  Mass. 

The  President  next  called  upon  Mr.  F.  H.  Crandall,  Cliau-man  of 
the  Committee  on  "Apportionment  of  Charges  for  Private  Fu'e 
Protection  and  the  Means  of  Controlling  the  Supply  thereto,"  for  a 
report. 

Mr.  Craxdall.  The  committee  did  not  expect  to  be  called 
upon  to  report  at  this  time.  We  understand  that  we  were  appointed 
for  the  purpose  of  conferring  with  committees  which  might  be  ap- 
pointed from  other  associations  interested  in  this  same  matter,  and 
we  have  as  yet  ha<l  no  opportunity  to  do  that.  It  will  take  con- 
siderable time  for  the  appointment  of  these  other  committees  and 
to  arrange  for  taking  the  matter  up  with  them.  We  have  not  yet 
received  the  reprints  of  the  report  of  the  former  committee,  which 
we  would  like  to  have  for  use  in  our  work.  We  have,  therefore, 
simply  to  report  that  we  have  met,  and  I  think  we  are  favorably 
impressed  with  each  other. 

Adjourned. 
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PROCEEDINGS. 

February  Meeting. 

Hotel  Brunswick, 
Boston,  February  11,  1903. 
President  Charles  K.  Walker  in  the  chah' ;  Willard  Kent,  Secre- 
tary. 

The  following  members  and  guests  were  in  attendance  :  — 

Members. 
S.  A.  Agnew,  C.  H.  Baldwin,  L.  M.  Bancroft,  J.  E.  Beals,  J.  W.  Blackmer, 
George  Bowers,  Dexter  Brackett,  E.  C.  Brooks,  Fred  Brooks,  G.  A.  P.  Buck- 
nam,  G.  F.  Chace,  E.  J.  Chadbourue,  J.  C.  Chase,  R.  L.  Cochran,  M.  F. 
Collins,  H.  A.  Cook,  G.  K.  Crandall,  Lucas  Gushing,  L.  E.  Daboll,  L.  N.  Far- 
num,  B.  R.  Felton,  A.  P.  Folwell,  F.  F.  Forbes,  W.  E.  Foss,  A.  D.  Fuller, 
J.  C.  Gilbert,  A.  S.  Glover,  F.  W.  Gow,  J.  O.  Hall,  D.  A.  Harris,  L.  M. 
Hastings,  T.  G.  Hazard,  Jr.,  H.  G.  Holdcn,  H.  R.  Johnson,  D.  A.  Heffernan, 
E.  W.  Kent,  Willard  Kent,  G.  A.  Kimball,  C.  F.  Knowlton,  D.  A.  Makepeace,. 
A.  E.  Martin,  F.  E.  Merrill,  H.  A.  Miller,  F.  L.  Northrop,  C.  E.  Rile}', 
W.  W.  Robertson,  C.  M.  Saville,  W.  T.  Sedgwick,  C.  W.  Sherman,  G.  T. 
Staples,  G.  A.  Sanborn,  G.  H.  Snell,  G.  A.  Stacy,  L.  A.  Taylor,  R.  J. 
Thomas,  H.  L.  Thomas,  D.  N.  Tower,  VV.  H.  Vaughn,  C.  K.  Walker,  R.  S. 
Weston,  G.  E.  Wilde,  F.  B.  Wilkins,  C.-E.  A.  Winslow,  G.  E.  Winslow. 
—  64. 

Honorary  Member. 

F,  W.  Shepperd.  — 1. 

Associates. 

Ashton  Valve  Mfg.  Co.,  by  C.  W.  Houghton;  Harold  L.  Bond  &  Co.,  by 
George  S.  Hedge:  Builders  Iron  Foundry,  by  F.  N.  Conne;  Chapman 
Valve  Mfg.  Co.,  by  E.  F.  Hughes ;  Hersey  Mfg.  Co.,  by  Albert  S.  Glover  and 
Walter  Hersey ;  Lamb  &  Ritchie,  by  Harry  F.  Peck ;  Lead  Lined  Iron  Pipe 
Co.,  by  T.  E.  Dwyer;  Ludlow  Valve  Mfg.  Co.,  by  H.  F.  Gould;  Nationa 
Meter  Co.,  by  Charles  H.  Baldwin  and  J.  G.  Lufkin;  Neptune  Meter  Co., 
by  H.  H.  Kinsey;  Perrin,  Seamans  &  Co.,  by  Charles  E.  Godfrey;  Rens- 
selaer Mfg.  (Jo.,  by  F.  S.  Bates;  A.  P.  Smith  Mfg.  Co.,  by  M.  G.  Millikin 
and  D.  F.  O'Brien;  Union  Water  Meter  Co.,  by  F.  L.  Northrop.—  17. 

Guests. 
J.  P.  Wood,  Marlboro,  Mass.;  H.  J.  Cornegan,  General  Freight  Agent 
Boston  &  Philadelplua  Steamship  Co..  Boston,  Mass.;  Mayor  E.  S.  Horton 
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and  E.  B.  Hill,  Attleboro,  Mass.;  Mr.  Burke,  Water  Commissioner,  Brook- 
line,  Mass. ;  Mr.  Donovan  and  A.  H.  Robinson,  Lawrence,  Mass. ;  John  H. 
Cook,  Paterson,  N.  J. ;  J.  F.  Gleason,  Quiney,  Mass. ;  J.  E.  Bunting,  H.  F. 
Snow,  and  J.  F.  Mallory,  Boston,  Mass.  — 12. 
(Names  counted  twice  —  3.) 

The  Secretary  read  the  following  names  of  ap|)licants  for  menil)er- 
sliip,  the  applications  having  been  approved  by  the  Executive  Com- 
mittee :  — 

For  Resident  Members. 

Samuel  H.  McKenzie,  Southington,  Conn.,  Superintendent  South- 
ington  Water  Co. ;  Arthur  Truman  Safford,  Lowell,  Mass.,  Civil  and 
Hydraulic  Engineer  ;  Earle  B.  Phelps,  Lawrence,  Mass.,  engaged  in 
the  study  of  filtration  of  water  and  sewage  and  chemical  and  bacterio- 
logical examination  of  same. 


For  Nan- Resident  Members. 

Morrell  Vrooman,  Gloversville,  X.  Y.,  City  Engineer  of  Glovers- 
ville ;  George  Goodell  Earl,  New  Orleans,  La.,  General  Superinten- 
dent New  Orleans  Sewerage  and  Water  Board. 

On  motion  of  Mr.  Thomas,  of  Lowell,  the  Secretary  was  instructed 
to  cast  the  ballot  of  the  Association  in  favor  of  the  applicants  ;  they 
Avere  declared  elected  as  members. 

Mr.  Robert  Spurr  Weston,  Chemist  and  Bacteriologist,  Boston, 
read  a  paper,  illustrated  by  the  stereopticon,  on  "  The  Water  Supply 
of  New  Orleans,  La.,  and  its  Improvement."  Mr.  C.-E.  A.  Wins- 
low,  of  Boston,  and  Mr.  M.  F.  Collins,  of  Lawrence,  spoke  on  topics 
suggested  by  the  paper. 

Mr.  Caleb  MiUs  Saville,  Division  Engineer,  Boston,  read  a  paper, 
illustrated  by  stereopticon  views,  on  "  Pipes  and  Pipe  Laying  of  the 
Metropolitan  Water  Works."  Mr.  Horace  G.  Holden,  Mr.  Dexter 
Brackett,  Mr.  George  E.  Winslow,  Mr.  Robert  L.  Cochran,  Mr.  Frank 
E.  Merrill,  and  Mr.  John  H.  Cook  participated  in  the  discussion 
Avhich  followed  the  reading  of  the  paper. 

The  President  announced  that  Past- Presidents  Holden  and  Merrill 
had  been  ajjpointed  a  committee  to  consider  and  rej^ort  upon  the 
place  for  holding  the  annual  convention  in  September,  and  that  they 
would  be  glad  to  receive  suggestions  fi'om  any  of  the  members. 

Adjourned. 
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EXECUTIVE   COMMITTEE. 

The  Executive  Committee  met  at  headquarterB,  Tremont  Temple, 
on  Wednesday,  January  14,  1908,  at  11.30  a.m.  Present:  President 
F.  E.  Merrill,  Secretary  Willard  Kent,  and  Messrs.  L.  M.  Bancroft, 
C.  W.  Sherman,  E.  C.  Brooks,  C.  K.  Walker,  II.  G.  Holden,  G.  A. 
Stacy,  and  J.  C.  Hammond,  Jr.  Se^en  applications  for  membership 
were  approved  for  recommendation  to  the  Association. 


February  11,  1903.  —  The  following  were  present :  President  C.  K, 
Walker,  Secretary  Willard  Kent,  and  Messrs.  E.  C.  Brooks,  Edmund 
W.  Kent,  George  A.  Stacy,  H.  G.  Holden,  L.  M.  Bancroft,  C.  ^^^ 
Sherman,  and  R.  J,  Thomas. 

Five  applications  for  membership  were  considered,  and  it  was  voted 
to  recommend  them  to  the  Association  for  ballot. 

Past  Presidents  H.  G.  Holden  and  Frank  E.  Merrill  were  appointed 
a  committee  to  investigate  and  report  to  the  Executive  Committee 
at  its  next  meeting,  on  a  place  for  holding  the  next  annual  convention. 

A  proposed  circular  letter,  to  b.e  sent  oiit  with  sample  copies  of 
the  Standard  Specifications  for  Cast-iron  Pipes  and  S])ecial  Castings, 
was  read  and  endorsed. 
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OHITUAKY. 

Cyrus  B.  Marti^-^,  Treasurer  of  the  Norwich  Water  Works  Com- 
pany, died  at  his  home  in  Norwich,  N.  Y.,  on  April  2,  19(1:^,  after  a 
short  illness. 

Mr.  Martin  was  born  in  Argyle,  X.  Y.,  on  September  6,  1830. 
After  attending  the  academy  in  that  town,  he  learned  the  printer's 
trade,  and  in  1855  went  to  Norwich  and  became  joint  editor  and  part 
owner  of  the  Chenango  Telegraph.  In  1861  he  removed  to  New- 
burgh,  N.  Y.,  where  he  conducted  the  Newburgh  Journal  until  1877, 
when  he  returned  to  Norwich.  He  was  president  of  the  Chenango 
National  Bank  and  of  the  David  Maydole  Hammer  Company,  and 
director  in  several  other  corporations. 

He  was  married  in  1858  to  Ann  Vernette  Maydole,  of  Norwich, 
who  died  in  1885.     He  is  survived  by  three  daughters. 

Mr.  Martin  was  elected  a  member  of  the  New  England  Water 
Works  Association  on  June  17,  1887. 
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BOOK   NOTICE. 

"  Ancient  and  Modern  Engineering  and  the  Isthmian  Canal."  By  William 
H.  Burr,  C.E.,  Professor  of  Civil  Engineering  in  Columbia  University.  8vo. 
XV +  473  pages.  Profusely  illustrated.  New  York:  John  Wiley  &  Sons. 
$3.50  net. 

This  book  is  the  outgrowth  of  a  series  of  lectures  delivered  by  the  author. 
It  is  an  admirable  review  of  engineering  in  general,  and  gives,  in  addition 
to  historical  notes,  a  resume  of  the  present  best  practice  in  all  branches  of 
civil  engineering.  Part  III,  devoted  to  water  works,  covers  140  pages, 
Into  which  a  very  good  treatment  of  the  subject  has  been  condensed.  The 
part  devoted  to  the  Isthmian  Canal  is  worthy  of  especial  mention,  because 
of  the  general  interest  in  the  subject,  and  because  Professor  Burr  was  a 
member  of  the  Isthmian  Canal  Commission. 
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This  Association,  as   a  body,  is  not  responsible  for  the  statements  or  opinions  of  any 
of  its  members. 

UNDERGROUND    WATER. 

Suggestions  on  How  to  Obtain  and  Care  for  It. 
by  george  bowers,  city  engineer,  lowell,  mass. 

[Read  March  11,  1903.] 

When  a  city  or  town  is  obliged  to  obtain  a  new  public  supply 
of  water  it  generally  considers  all  the  lakes,  ponds,  and  rivers  in 
the  vicinity  before  investigating  the  underground  possibilities. 
This  is  due,  without  doubt,  to  the  fact  that  the  amount  of  avail- 
able surface  water  can  be  readily  estimated,  while  that  in  the 
ground  is  liable  to  be  considered  an  unknown  quantity. 

On  account  of  the  pollution  of  the  Merrimac  River  water  by 
sewage  from  towns  outside  our  state  limit,  the  city  of  Lowell  was 
obliged  in  1891  to  obtain  a  new  water  supply  of  ten  million 
gallons  per  day.  In  our  search  for  this  water  we  were  advised  to 
consider  ground  water  as  a  last  resource  only.  This  at  that  day 
was  considered  good  advice,  but  in  the  last  few  years  there  has 
been  a  great  change  in  pubhc  opinion.  Where,  formerly,  any- 
thing that  would  run  through  a  pipe  was  accepted,  now  the  people 
demand  a  good,  clean,  wholesome  water,  free  from  objectionable 
bacteria  and  practically  colorless,  a  tinge  of  iron  rust  from  the 
pipes  being  considered  sufficient  ground  for  complaint.  This  desire 
for  better  water  has  been  recognized  in  a  number  of  cases  by 
water-works  officials,  and  before  long  others  will  be  obliged  to 
follow  their  example. 

The  conditions  necessary  to  meet  this  growing  demand  for 
purer  water  may  often  be  met  with  in  ground  water,  while  it  is 
exceedingly  difficult  to  find  them  in  surface  water.  When  a  good 
ground  water  has  been  obtained  it  is  much  safer  water  than  a  sur- 
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face  supply  over  which  a  constant  guard  must  be  maintained  in 
order  to  prevent  pollution.  Ground  water  is  generally  stored 
many  feet  below  the  surface,  and  often  has  an  overlying  stratum 
of  practically  impervious  material.  If,  then,  the  water  is  pumped 
directly  from  the  ground  to  the  consumer,  as  is  often  the  case, 
there  is  no  possibility  of  any  impurities  being  taken  up  by 
it,  as  it  has  been  exposed  to  neither  air  nor  light.  If  instead  of 
this  direct  supply  method  the  reservoir  system  is  used,  the  best 
result  is  obtained  if  the  reservoir  is  covered  so  as  to  exclude  all 
light,  thus  preventing  any  growth  of  algae  in  the  water.  This  is 
not  a  difficult  thing  to  do.  In  fact,  in  this  cement  age  an  old 
reservoir  with  sloping  sides  may  be  converted  into  a  modern 
covered  reservoir  with  comparatively  little  trouble. 

One  of  the  advantages  of  ground  water  is  its  uniformity  of 
temperature;  being  so  far  below  the  surface,  it  is  affected  by  the 
changing  seasons  in  a  comparatively  slight  degree.  In  summer 
it  is,  of  course,  much  colder  than  the  surface  water  which  is  ex- 
posed to  the  sun's  heat,  making  it  very  desirable  for  drinking 
purposes.  In  winter  the  surface  water  is  usually  near  the  freez- 
ing point,  while  the  underground  water  remaining  at  its  normal 
temperature  is  much  above  that  point,  hence  not  so  Hable  to 
freeze  in  the  pipes.  This  last  fact  is  a  great  consideration,  as  it 
makes  the  whole  system  much  easier  to  care  for  during  severe 
winters,  an  advantage  appreciated  by  water-works  superin- 
tendents and  householders  alike. 

In  searching  for  ground  water  as  thorough  a  geological  exami- 
nation as  is  possible  should  be  made  of  the  territory  selected. 
This  must  be  done  in  order  to  determine  the  position  and  incli- 
nation of  the  underlying  bedrock,  and  to  locate  the  large  deposits 
of  sand  and  gravel,  without  which  no  great  amount  of  water 
can  be  obtained. 

If  the  location  prove  satisfactory  to  the  geologist,  test  wells 
should  be  put  down  to  verify  his  judgment.  In  many  places 
where  the  surface  indications  might  lead  him  to  expect  a  good 
amount  of  water  none  can  be  found,  as  there  is  no  water-bearing 
stratum  below  the  surface.  One  great  cause  of  failure  to  secure 
ground  water  is  the  locating  of  the  wells  in  places  where  it  is 
simply  convenient,  or  where  they  will  be  near  the  place  to  be 
supplied.      If  engincer.s  would  l)e  governed  by  the  following  rule, 
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they  would  be  more  uniformly  successful:  "Carry  your  well  to 
the  water;  don't  try  to  carry  the  water  to  your  well." 

Sometimes  a  city  or  town  desiring  a  ground-water  supply  owns 
a  piece  of  land  from  which  some  water  can  be  obtained,  and 
thinks  that  it  is  more  economical  to  use  this  land  than  it  is  to 
purchase  land  which  would,  without  doubt,  yield  them  a  good 
supply  of  water.  This  is  a  great  mistake  in  the  very  beginning, 
for  the  price  of  the  land  is  a  very  small  item  to  be  considered 
when  you  take  into  account  the  fact  that  this  same  land  is  ex- 
pected to  supply  you  with  water  forever.  Another  source  of 
failure  is  in  making  a  cheap  and  inefficient  test  to  ascertain 
whether  or  not  water  can  be  obtained  from  the  location  in  ques- 
tion. At  this  point  experience  and  a  thorough  knowledge  of  the 
subject  are  greatly  needed.  When  the  test  wells  are  driven  the 
material  which  is  brought  up  to  the  surface  should  be  thor- 
oughly examined,  and  by  this  examination  the  expert  will  decide 
whether  or  not  the  place  will  be  able  to  produce  the  quantity  of 
water  required.  Experts,  of  course,  will  not  always  agree,  and 
a  location  condemned  by  one  will  be  accepted  by  another,  who 
will  perhaps  prove  it  to  be  an  exceptionally  good  place. 

This  point  was  well  illustrated  at  the  very  beginning  of  our 
work  in  Lowell.  An  expert  drove  a  number  of  wells  for  us  on  the 
desired  location,  tested  them,  and  pronounced  them  worthless. 
Another  expert  was  shown  the  materials  brought  up  from  these 
wells,  and  said  at  once  that  he  was  positive  that  he  could  obtain 
a  large  quantity  of  water  there.  He  was  allowed  to  make  a  trial 
for  himself.  He  drove  several  wells,  and  they  all  yielded  an 
abundant  supply,  showing  that  his  judgment  was  correct. 
Since  then  we  have  located  a  large  plant  at  that  place,  and  for  a 
number  of  years  have  pumped  from  six  to  eight  million  gallons 
per  day. 

The  theory  that  most  engineers  adopt  and,  the  speaker  believes, 
adhere  to  too  strictly,  is  that  the  amount  of  ground  water  ob- 
tainable is  a  certain  per  cent,  of  the  rain  falling  upon  the  visible 
watershed  of  such  place.  When  the  strata  of  gravel  and  sand 
in  which  the  water  is  found  agree  in  conformation  with  the  visi- 
ble watershed,  this  theory  is  right,  but  in  reality  they  are  seldom 
found  to  agree.  The  water-bearing  material  may  extend  far  be- 
yond this  visible  area,  and  a  much  greater  supply  of  water  may 
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be  obtained  than  can  be  accounted  for  by  their  theory.  On  the 
other  hand,  with  a  less  extent  of  the  proper  material,  less  water 
than  was  expected  will  be  obtained.  But  when  a  place  has  been 
found  which  contains  the  desired  material  at  the  proper  depth, 
and  covering  a  sufficient  area,  it  requires  but  a  short  time,  in  an 
average  season,  to  determine  if  the  supply  will  be  permanent. 

The  question  of  location  should  be  left  to  the  geologist  and  the 
expert  when  possible.  When  this  is  decided  the  engineer's  work 
begins.  For  one  thing,  he  must  see  that  no  sewage  is  allowed 
to  flow  on  the  land  used  for  the  water  supply,  as  any  risk  of  con- 
tamination should  be  avoided.  The  land  may  be  cultivated  if 
it  is  thought  advisable,  but  care  must  be  taken  in  the  selection  of 
fertilizers  used.  After  the  location  has  been  selected  comes  the 
sinking  of  the  wells.  The.  particular  kind  of  well  used  depends 
upon  the  coarseness  of  the  sand  or  gravel  found;  if  it  is  fine  a 
screen  must  be  used  which  has  a  correspondingly  fine  mesh,  but 
if  the  well  is  sunk  in  gravel  an  open  end  pipe  may  be  used. 

To  obtain  water  that  is  entirely  free  from  sand  it  is  absolutely 
necessary  that  the  well  should  be  thoroughly  made  and  all  the 
fine  sand  around  the  screen  removed ;  then  when  it  is  connected 
with  a  group  and  pumped  by  steam  the  result  should  be  a  per- 
fectly clear  water. 

A  system  of  wells  requires  care,  as  does  anything  that  is  ex- 
pected to  produce  first-class  results.  Each  well  should  be  pro- 
vided with  a  gate  by  which  it  may  be  shut  off  from  the  rest,  and 
with  a  cap  so  that  it  may  be  opened,  examined,  and  cleaned. 
Every  well  in  use  should  be  opened  and  thoroughly  cleaned  at 
least  once  a  year,  and  the  sand  and  gravel  surrounding  the  open- 
ings or  strainers  should  also  be  cleaned,  and  the  very  fine  sand 
removed.  When  the  well  is  first  opened  it  should  be  pumped 
and  the  yield  per  minute  recorded;  it  should  then  be  cleaned,  as 
stated,  and  pumped  until  the  water  is  perfectly  clear.  It  should 
then  be  tested  and  the  yield  taken  for  the  yearly  record. 

After  an  experience  of  ten  years  the  speaker  believes  that 
when  a  well  is  properly  made  and  rightly  cared  for  it  will  con- 
tinue (the  conditions  being  the  same)  to  yield  its  original  amount 
of  water,  if  indeed  it  does  not  exceed  it. 

You  should  not  place  much  confidence  in  people  who  tell  you 
that  they  once  had  some  very  good  wells,  but  that  in  a  few  years 
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after  they  were  driven  the  vokime  of  water  decreased  so  much 
that  they  were  obUged  to  abandon  them.  If  this  matter  were 
looked  into  carefully  it  would  be  found  that  the  wells  were  simply 
left  to  take  care  of  themselves,  or  else  were  not  properly  pumped. 
As  an  illustration  of  this,  a  small  manufacturing  company  had 
a  good  well;  it  was  2-inch  pipe  driven  fifty  feet,  and  had  a  few 
small  holes  drilled  in  the  side  near  the  bottom,  and  the  bottom 
left  open.  For  several  years  the  well  supplied  all  the  water 
needed,  but  as  the  company  prospered  and  enlarged  its  busi- 
ness, more  water  was  required,  and  the  engineer  was  obUged  to 
pump  so  much  from  the  well  that  it  gradually  drew  sand  and 
gravel  into  it,  and  instead  of  getting  more  water,  they  got  less 
and  less,  until  they  gave  the  well  up  entirely.  Upon  investiga- 
tion the  speaker  found  that  the  well  would  yield  fifty  gallons  per 
minute,  but  in  forcing  it  beyond  its  natural  capacity  and  trying 
to  make  it  a  seventy-five-gallon  well  they  ruined  it. 

Another  case  has  come  to  the  notice  of  the  speaker  within  a 
few  days.  A  manufacturing  company  has  a  plant  consisting  of 
several  wells.  The  company  has  enlarged  its  business  and  must 
have  a  greater  water  supply.  On  being  consulted  the  speaker 
suggested  that  they  open  their  wells  and  examine  them  to  see  if 
they  did  not  need  cleaning.  They  rephed  that  that  would  be  a 
very  expensive  thing  to  do,  as  they  had  built  a  large  store- 
house on  the  land  over  the  wells.  They  also  said  that  the  wells 
had  been  giving  out  for  the  past  few  years,  and  that  they  did 
not  consider  them  of  much  value  now,  but  that  they  had  paid 
for  themselves  many  times  over.  This  seems  poor  pohcy  to  any 
one  who  knows  the  value  of  good  water  and  the  difficulty  of 
obtaining  it. 

When  pumping,  if  only  a  small  amount  of  water  is  required, 
the  pumps  may  be  run  as  is  most  convenient,  but  if  a  large  amount 
of  water  is  required,. or  if  you  wish  to  obtain  all  the  water  possible, 
it  is  better  to  pump  the  wells  continuously  and  keep  the  water 
in  the  ground  moving  towards  them  than  it  is  to  stop  pumping, 
and  thus  allow  the  current  of  water  to  change  its  direction. 

This  former  method  is  the  one  adopted  in  Lowell,  and  we  feel 
well  satisfied  with  the  result.  The  speaker  read  a  paper  before 
this  Association  five  years  ago  which  closed  with  the  following 
statement:  "The  quality  of  the  water  has  from  the  first  been 
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excellent,  and  now  that  the  quantity  is  assured  I  think  we  may 
be  entirely  satisfied  with  the  result  of  tube  well  experiments  in 
Lowell."  This  statement  is  as  true  to-day  as  it  was  the  day 
it  was  made.  We  have  an  abundant  supply  of  water,  our 
wells  yielding  as  much  as  when  first  driven.  This  latter  fact 
is,  of  course,  due  in  a  large  measure  to  the  care  they  have  re- 
ceived. It  goes  without  saying  that  they  have  always  been  well 
looked  after,  as  our  superintendent,  Mr.  Thomas,  is  well  known 
to  you  all  as  a  man  who  allows  nothing  to  escape  his  attention, 
and  who  is  thoroughly  interested  in  the  driven  wells,  which  are 
entirely  under  his  supervision. 

The  opinion  of  the  speaker  is  that  if  the  state  would  employ  a 
first-class  geologist  to  whom  its  cities  and  towns  might  apply  for 
advice  when  looking  for  ground  water,  it  would  prevent  a  great 
waste  of  both  time  and  money.  The  need  of  a  thorough  knowl- 
edge of  the  geology  of  the  state  is  appreciated  more  and  more  as 
the  subject  of  underground  water  supply  is  given  more  attention. 

The  speaker  wishes  to  call  your  attention  to  the  fact  that  but 
one  folio  of  the  United  States  Geological  Survey,  showing  the 
areal  underground  structure,  etc.,  of  Massachusetts,  has  ever  been 
published,  and  this  covers  the  region  about  Holyoke  only.  An- 
other foHo  nearly  completed  is  the  Housatonic  quadrangle,  which 
takes  in  the  southwestern  part  of  Massachusetts  and  a  little  of 
New  York  and  Connecticut.  If  the  survey  of  New  England  were 
made  and  published,  it  would  be  a  great  benefit  to  us  all,  and  if 
the  members  of  this  Association  would  interest  their  representa- 
tives to  Congress  in  this  matter,  there  is  no  doubt  but  the  work 
in  this  section  of  the  country  might  be  hastened. 

There  is  probably  nothing  new  in  this  paper  for  engineers  or 
superintendents  who  have  had  any  experience  with  ground 
water,  but  it  is  written  with  the  hope  that  it  may  attract  the 
attention  of  some  users  of  impure  or  unsatisfactory  water,  and 
cause  them  to  investigate  the  conditions  in  their  own  neighbor- 
hood, with  the  result  that  they  may  be  added  to  the  ever-increas- 
ing ranks  of  the  advocates  of  ground  water, 

DISCUSSION. 

Mr.  Edward  Atkinson.  Mr.  President,  a  claim  has  been 
made  here  for  Lowell,  against  which  I  wish  to  enter  a    caveat. 
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When  it  was  first  proposed  in  Brookline  to  take  water  from  the 
Charles  River,  I,  being  a  "duffer,"  made  a  thorough  investiga- 
tion of  the  subject  and  proved  conckisively  that  the  Charles  River 
water  was  unfit  to  be  introduced  into  Brookline.  I  then  thought 
it  better  that  we  should  join  with  the  Metropolitan  system  and 
take  our  water  with  the  rest  of  the  section,  and  I  proved,  what 
was  absolutely  true,  that  the  Charles  River  water  was  totally  un- 
fit for  use.  But  the  town  did  n't  think  I  knew  much  about  it, 
and  so  they  went  to  work  and  got  their  act  to  take  the  Charles 
River  water.  Now  we  have  water,  not  from  the  Charles  River, 
but  from  the  underlying  stream  which  flows  through  our  filter 
gallery,  and  we,  sir,  have  the  best  water  in  the  state.     [Laughter.] 

Mr.  a.  O.  Doane.*  My  experience  with  driven  wells  was 
gained  while  I  was  in  the  employ  of  the  city  of  Newton  which,  as 
perhaps  a  good  many  of  you  know,  has  a  system  of  driven  wells 
along  the  banks  of  the  Charles  River.  The  plant  is  not  entirely 
a  driven-well  system,  but  it  consists  of  a  conduit  or  a  collecting 
gallery  which  has  wells  connected  into  it.  The  wells  are  not 
pumped  on  directly,  as  in  Lowell  and  in  Brookhne,  but  they  flow 
naturall}^  by  gravity  into  the  conduit,  and  from  there  the  water 
goes  through  a  cast-iron  pipe  under  the  Charles  River  to  the 
pump  well  at  the  pumping  station,  so  that  the  water  is  not  taken 
in  the  way  that  is  customary  with  driven  wells.  For  this  reason 
they  do  not  get  as  much  water  from  the  wells  as  they  might  if  they 
were  pumped  from  directly,  but  it  has  proved  very  satisfactory 
so  far  as  the  quality  of  water  is  concerned;  and  I  think  probably 
there  is  a  less  proportion  of  river  water  taken  in  the  supply  on 
account  of  having  the  driven  wells. 

The  wells  are  2j  inches  in  diameter  and  were  driven  in  accord- 
ance with  Mr.  Bowers'  recommendation,  that  is,  an  outlet  at  the 
top  with  cap  at  surface  of  ground  and  a  T  with  branch  going  into 
the  conduit, —  there  is  a  gate  on  every  well;  and  the  system  he 
recommends  of  cleaning  out  has  been  followed,  though  not  per- 
haps as  often  as  he  requires.  I  think  myself  that  it  should  be  done 
every  year,  but  it  has  been  practiced  nearer  once  in  three  or  four 
years.  The  method  of  doing  it  is  to  put  a  pump  on  the  end  of 
the  outlet,  where  it  reaches  the  ground  ;  close  the  branch  from 
the  well  into  the  conduit,  and  pump  with  a  diaphragm  pump, 

*  Division  Engineer,  Metropolitan  Water  Works,  Boston,  Mass.  ^~'" 
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which  will  take  out  all  the  sand  and  gravel  that  is  loose.  If  it 
proves  refractory  a  wash-boring  tool  is  put  in,  that  is,  a  drill  with  a 
current  of  water  flowing  through  it,  and  any  material  in  the  well 
is  thoroughly  mixed  and  stirred  up  with  the  water  from  the  force 
pump,  and  then  it  is  again  pumped,  and  in  that  way  it  is  pos- 
sible to  bring  the  well  back  to  its  natural  flow.  There  are  records 
of  what  the  wells  gave  when  they  were  first  connected,  and  they 
find  on  pumping  them  out  again  and  cleaning  the  wells  out  that 
the  natural  flow  is  restored. 

In  connection  with  this  work  a  modification  of  the  Pitot  tube 
was  used  to  determine  the  flow  of  the  wells  into  the  conduit  when 
we  were  not  pumping  on  them,  that  is  to  say,  the  natural  flow.  It 
consisted  of  a  Pitot  tube  having  the  legs  lengthened  so  it  would 
go  down  below  the  branch  in  the  well  tube;  the  air  was  then  ex- 
hausted from  the  U  of  the  tube  up  above  by  means  of  a  little 
vacuum  pump  (the  upper  part  of  the  tube  being  made  of  glass). 
This  brought  the  water  up  into  the  U  so  the  difference  in  level 
could  be  seen.  In  this  way  it  is  possible  to  measure  the  flow  of 
the  wells,  and  it  is  the  only  possible  way  in  which  it  can  be  done, 
so  far  as  I  know.  The  tube  was  first  calibrated  by  testing  it  on 
a  known  flow  of  water  coming  up  through  a  tube  in  the  same  way 
that  the  well  flows,  the  water  being  actually  weighed. 

Mr.  Charles  N.  Taylor.*  I  should  like  to  inquire  if  it  is 
necessary  in  a  driven- well  system  to  use  a  vacuum  pump?  Why 
I  ask  about  this  is  that  I  know  of  a  system  of  wells  that  was 
driven  last  year  for  the  new  Mt.  Washington  Hotel  up  at  Mt. 
Plea.^ant.  The  engineer  on  the  job  was  not  a  New  England  en- 
gineer. A  large  amount  of  money  was  expended  in  driving  the 
wells.  They  were  driven,  I  should  say,  as  Mr.  Bowers  has  sug- 
gested in  every  way,  and  connected  up  with  one  main  suction 
pipe,  and  a  large  pump  of  proper  design,  I  presume,  attached  to 
it,  a  permanent  pump,  and  it  was  started  up  just  before  the  new 
hotel  opened,  but  instead  of  pumping  water  they  pvunped  air. 
These  wells  had  been  tested  with  a  diaphragm  pump,  and  nearly 
all  of  them  were  found  to  be  fairly  good  yielding  wells.  Some  of 
them  were  not  good  yielding  wells,  and  they  were  wells  of  differ- 
ent depths,  but  they  were  all  connected  on.  Finally,  the  engi- 
neer thought  that  the  wells  which  had  n't  proved  to  be  very  good 
*  Wellesley,  Mass. 
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had  better  be  shut  off,  and  they  had  valves  and  they  were  shut 
off,  and  then  they  started  again,  but  they  still  pumped  air.  The 
proprietor  of  the  hotel  never  does  things  in  a  half-way  manner, 
and  he  perhaps  suspected  that  this  system  would  not  be  satis- 
factory, and  at  the  same  time  I  had  a  contract  to  procure  a  grav- 
ity system  for  the  hotel  by  going  up  Mt.  Washington  and  tapping 
the  brook  up  there  and  running  the  water  down,  so  that  the  hotel 
was  not  out  of  water,  for  they  could  use  it  from  the  gravity  sys- 
tem. But  I  watched  the  driven- well  system  at  the  same  time 
with  a  good  deal  of  interest.  Another  party  had  the  contract 
for  the  wells,  and  they  were  experimenting  with  the  wells  while 
I  was  there;  and  I  have  since  learned  that  they  had  continued  to 
experiment  with  them  until  they  got  disgusted,  having  spent  in 
the  neighborhood  of  $40  000,  and  were  still  pumping  nothing 
but  air.  The  engineer  in  charge  of  the  work  is  at  a  loss  to  know 
what  to  do  about  it.  The  contractor  tells  him  he  has  got  to  put 
in  a  vacuum  pump,  but  he  does  n't  beUeve  it  is  necessary  to  do 
that;  and  while  I  am  not  interested  personally  in  the  matter  in 
any  way,  I  have  a  curiosity  to  know  what  the  trouble  is  with  those 
wells,  and  if  I  can  get  any  light  on  it  I  should  Hke  to. 

Mr.  Bowers.  That  was  the'  very  first  thing  I  had  to  deal 
with  at  the  beginning  of  my  experience.  The  first  wells  we  drove 
gave  us  a  good  deal  of  trouble  on  account  of  air,  and  people  who 
don't  know  anything  more  about  it  than  I  did  at  that  time  will 
get  into  the  same  difficulty  every  time.  To  make  a  driven  well 
a  success  it  has  got  to  be  made  perfectly  air-tight.  The  ordinary 
castings,  the  ordinary  pipe  will  leak  air,  so  you  have  got  to  take 
each  piece  of  iron  separately  and  test  it;  everything  which  is  con- 
nected with  your  well  plant  has  got  to  be  tested  for  air,  and  if  it 
will  stand  the  test  it  is  all  right,  but  if  it  will  not  it  is  not  right. 
You  can  put  on  an  air  pump  and  pump  the  air  out,  and  then  you 
will  get  some  water,  but  you  will  have  to  pump  a  lot  of  air  unless 
you  take  these  precautions. 

Mr.  Taylor.  These  wells  were  driven  in  very  porous  soil, 
coarse  gravel.  There  was  an  8-inch  casing  driven  down  first  and 
then  the  6-inch  well-pipe  was  put  in,  and  the  8-inch  one  was 
drawn  out;  of  course  that  left  a  httle  space,  and  the  wells  were  at 
different  depths.     Would  that  make  any  difference? 

Mr.  Bowers.   Not  at  all;  that  is,  if  they  are  32  feet  deep,  they  are 
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all  right.  If  they  are  only  20  feet  deep  you  might  get  into  trouble 
if  you  pumped  hard. 

Mr.  Taylor.  In  pumping  you  will  pump  some  of  these  shal- 
low wells  dry  and  still  have  water. 

Mr.  Bowers.  Then  you  ruin  your  plant  right  off.  As  soon 
as  you  got  one  well  dry  you  would  be  pumping  air,  and  you  would 
n't  need  to  go  any  further. 

Mr.  Taylor.  I  thought  perhaps  that  was  the  trouble  with 
this  system,  that  the  wells  were  of  so  many  different  depths. 

Mr.  Bowers.     Do  you  know  how  deep  the  shallowest  well  is? 

Mr.  Taylor.  No;  I  don't  have  in  mind  just  how  deep,  but 
they  are  none  of  them  very  deep  wells. 

Mr.  Bowers.  They  ought  to  be  below  32  feet;  every  well 
ought  to  be  at  least  32  feet  deep. 

Mr.  Doane.  I  should  like  to  ask  Mr.  Bowers  about  the  form 
of  strainer  he  has  found  the  best? 

Mr.  Bowers.  If  you  are  going  to  get  your  water  out  of  sand 
you  have  got  to  use  a  strainer.  There  is  no  strainer  on  the  mar- 
ket in  New  England  that  you  can  buy;  you  have  got  to  go  to 
New  York  or  to  the  West  for  one  or  make  it  yourself.  We  now 
make  our  own.  They  have  a  very  fine  mesh,  and  every  drop  of 
our  water  comes  through  a  strainer.  The  New  England  well- 
driver  does  not  beheve  in  a  strainer.  He  will  put  in  wells  with 
open  ends  and  holes  bored  in  the  pipe.  As  I  said  in  my  paper, 
we  have  a  piece  of  land  which  was  tested  by  a  New  England  well- 
driver  who  was  considered  to  be  as  good  a  one  as  there  is  in  New 
England.  He  went  up  and  drove  test  wells  over  this  nice  piece 
of  land,  we  pumped  them  all,  and  he  said,  "There  is  no  water 
there  at  all."  We  got  20  gallons  a  minute  out  of  one  well,  but 
most  of  them  yielded  but  a  few  gallons,  and  some  not  a  drop. 
The  well  which  was  exactly  where  our  station  is  to-day,  from 
which  we  can  pump  eight  or  ten  millions,  he  could  n't  get  a  drop 
of  water  out  of.  It  was  simply  because  he  stuck  to  this  New 
England  method  of  an  open  pipe,  nothing  to  keep  the  sand  out, 
and  the  sand  would  fill  it  right  in  at  the  bottom.  Well,  a  New 
York  man  came  into  the  office  and  he  saw  a  sample  of  that  sand, 
and  he  said,  "If  you  will  let  me  go  up  there  I  will  drive  a  well 
within  20  feet  of  every  well  that  he  has  driven,  and  I  will  give 
you  a  good  well  of  wMer  or  I  won't  charge  you  anything."     So 
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we  let  him  go  ahead.  I  did  n't  beUeve  he  would  get  a  drop  of 
water;  I  thought  the  thing  had  been  tested  and  the  test  was  all 
right,  and  that  there  was  no  water  there.  Well,  he  drove  his 
wells  there  within  20  feet  of  these  other  wells,  and  he  got  from 
50  to  75  gallons  a  minute  from  every  one  of  them;  the  water 
rolled  right  out.  He  used  the  New  York  method,  which  has  a 
strainer  fine  enough  to  just  fit  the  sand,  to  keep  the  sand  out  and 
separate  it  from  the  water;  and  he  put  his  strainer  just  where  the 
sand  was,  not  in  the  quicksand  above  or  below:  but  he  located  it 
just  exactly  where  the  sand  was;  and  all  our  water  is  got  from 
the  sand,  and  it  is  pretty  fine  sand,  too. 
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BY   E.   H.    GOWING,    C.E.,   BOSTON,    MASS. 
[Presented  January  14,  1903.] 

Mr.  President,  —  I  was  asked  to  prepare  a  paper  for  the  Asso- 
ciation, but  what  I  have  to  say  can  hardly  be  called  anything 
more  than  a  talk  about  a  scheme  used  by  me  at  PhilHps,  Me., 
to  control  the  pressure  on  a  gravity  system  where  the  source  of 
supply  was  about  six  hundred  feet  above  the  general  level  of  the 
village  to  be  siippHed. 

Sketch  No.  1  shows  the  profile  of  the  force  main  from  the 
source  to  and  through  the  town  and  to  the  reservoir,  which  is 
located  at  a  sufficient  elevation  and  on  the  other  side  of  the  town 
from  the  source;  sketch  No.  2  shows  in  detail  the  vertical  riser 
at  the  reservoir;  and  No.  3  the  vertical  riser  used  between  the 
source  and  the  town  at  a  point  shown  in  Sketch  No.  1. 

The  construction  of  the  vertical  riser,which  I  call  a  standpipe, 
is  fully  shown  in  the  sketches.  The  Y-branch  with  outlet  look- 
ing down  is  located  so  that  the  crotch  of  the  Y  is  just  at  the  pro- 
posed level  of  the  water  in  the  reservoir.  To  guard  against 
trouble  at  the  reservoir,  I  also  built  an  overflow  pipe  into  the 
embankment,  the  bottom  of  w^hich  is  two  or  three  inches  above 
the  proposed  high-water  level  of  the  reservoir. 

There  was  plenty  of  water  and  to  spare  in  the  pond  from 
which  the  supply  came,  so  it  is  arranged  to  have  a  little  more 
water  running  than  necessary  to  keep  the  reservoir  full,  leaving 
a  small  stream  running  to  waste. 

The  standpipe  at  the  reservoir  was  not  sufficient  of  itself  to 
reduce  the  pressure  as  much  as  was  desirable,  so  at  a  point  be- 
tween the  pond  and  the  town,  shown  on  the  profile,  another 
standpipe  was  erected.  With  these  two  standpipes  the  pres- 
sure was  reduced  so  that  at  no  point  in  the  Une  was  it  excessive. 

This  arrangement  is  one  which  could  only  be  used  where  there 
was  plenty  of  water,  but  here  there  w^as  an  ample  supply,  and  it 
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was  arranged  at  the  gate  house  near  the  source  to  have  enough 
water  running  so  that,  for  our  domestic  service,  the  supply  was 
obtained  directly  from  the  source,  the  reservoir   being  kept   full 
and,  as  stated,  a  small  amount  allowed  to  run  to  waste  from  it. 
In  case  of  fire  or  other  exceptional  demands  for  water,  the 
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Sketch  No.  2.  —  Standpipe  at  Reservoir. 


requirements,  in  excess  of  what  is  furnished  from  the  source, 
are  made  up  from  water  coming  back  from  the  reservoir.  The 
pipe  from  the  source  down  to  the  town  is  6-inch,  and  from  the 
reservoir  to  the  town  8-inch;  so  that  if  the  supply  entered  the 
reservoir  without  going  through  the  town,  there  would  be  re- 
quired at  least  a  10-inch  pipe  from  the  reservoir  to  the  town  to 
give  as  good  service  in  case  of  fire.  The  system  is  able  to  throw 
four  streams  over  j^ny  building  in  the  thickly-settled  part  of  the 
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town,  and  in  some  cases  five,  which  gives  all  the  fire  protection 
needed  in  this  town  of  about  fourteen  hundred  inhabitants. 
This  arrangement  of  mine  seems  to  be  an  automatic   appli- 


Sketch  No.  3.  — Standpipe  between  Source  and  the  Town. 


ance,  which  is  absolutely  reliable  and  needs  no  looking  after.  I 
have  known  of  pressure-reducing  valves  being  used  for  similar 
service,  but  I  never   saw    an   automatic    machine  of  any  kind 


M'J  now     I    Ki'.Drci',   i'hkssi'hk  on   a  (iH.wri'v  svstkm. 

whicli  I  (lid  ii(»(  lliiiik  iicc(1(mI  iik.iv  or  less  lodkiii.i;-  after,  and  they 
JU'c  apt  to  {i'lvc  out-  just  at  the  time  when  wanted  the  most. 
These  slandpipes  lia\'(>  f:;iven  ns  no  I  I'ouMc,  and  I  do  not  sec  how 
they  can  possibly  do  so. 

'J'his  lown  is  situated  where  tlie  frost  ina\'  ii'o  (piite  deep,  and 
it  was  an-;ini;('d  to  ha\c  I  lie  ^  's  hniied  so  deeply  as  to  be  below 
(he  reach  of  frost.  The  pipe  and  ^"s  ai'e  so  lari;-(>  that  T  can  sec 
HO  possibility  of  theii'  beiui;-  ol)stnicted  by  anything  which  can 
<!;o   (lu-onffh   the   sci-eens   used   at   the  souice. 

1  have  had  occasion  to  use  similar  appliances  in  four  other 
wat(M'-worl<s  systems,  and  haxc  never  heard  (»f  theii'  liixint^-  any 
troubl(>  at.  all. 

DiscrssioN. 
Mu.  [''inoKMAN  V.  C'oKKiN.*  I  think  Mr.  (iowini;-  is  to  be  con- 
}i;ra(ulated  on  havin,<>;  ])l(Mity  i)i  water  to  woi-k  this  device.  It 
se(Mns  to  be  I'ather  more  ellicient  than  <'conomical  (.f  water. 
[Laui;hter.|  It  strikes  me  it  is  a  \(M-y  i;dod  thini:  in  a  place,  as 
he  says,  where  there  is  |)lent\-  of  water  to  waste;  but  ('(Mlainly 
when  the  diafi  is  small  the  oxcrllow  or  waste  water  must  be  con- 
siderable. This  subject  of  excessixc  h(>ad  sonietim(\s  presents 
(init(^  a  problem.  I  had  similar  conditions  in  Proctor,  Vt.,  where 
there  was  a  head  of  about  foui-  hundred  feet,  th(>  initial  head,  on 
a  ^raxity  system.  Theic,  mifoiM miately,  althouiih  I  supposed  there 
\\as  no  water  to  waste,  it  has  proNcn  since  that  there  was  not 
qnit(>  (MU)ii;;h  to  us(\  |  I.aui^hter.]  I  put  in  a  pi'essure-reduc- 
insr  valve,  and  I  shall  haxc  to  coi'roborate  to  a  certain  extent 
what  "Mr.  (lowing  says  about  pi-essure-reilucini;'  \al\-es,  judf>inii' 
from  my  experience^  there.  Thei-e  is  in  I'roctor,  howexiM-,  a  \'ery 
ellicient  de\ice  in  th(>  ox'erllow  of  the  standpipe:  the  flow  of 
water  to  the  stand|)ii)e  is  regulated  by  a  uate,  which  is  so  set 
that' the  rise  and  fall  of  water  in  the  stantlpine  lhrou,s;hout  the 
day  eompensat(\^  for  th(>  dirf(>rences  between  the  rate  of  How 
and  the  rate  of  .Iraft.  If  it  doesn't  do  that  completely  tlu> 
slandpip(>  o\-ei-llows  and  water  is  wasted.  Ibit  the  e\peri(Mice 
has  been  that  there  has  not  b(>en  a  ureat  deal  of  water  wasted 
in  that  way.  J  do  not  know  whether  thei'e  is  any  reall_\'  reli- 
able pressure-red uciiiii-  \al\-e  or  not.      It   is  something-  to  be  de- 

•  (  Ivll  KngliieiT,  Hostoii,  Muss. 
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sired,  and  it  would  fill  a  lonoj-felt  want  if  there  were  a  really 
good  pressure-reducing  valve  that  would  n't  need  constant  atten- 
tion. 

Mr.  Frank  L.  Fuller.*  1  would  like  to  ask  Mr.  Gowing  if 
I  understood  him  correctly  that  there  was  a  pipe  from  this  pond 
directly  to  the  village,  independent  of  the  pipe  from  the  pond  to 
the  reservoir  ? 

Mr.  Gowing.  I  do  not  know  as  the  sketches  show  that  ex- 
actly, but  the  arrangement  is  that  there  is  one  pipe  from  the  pond 
to  and  through  village  and  to  the  reservoir.  The  first  stand- 
pipe  for  reducing  pressure  is  part  way  down,  between  the  town 
and  the  village,  and  the  other  one  is  af  the  reservoir.  There  is 
also  an  overflow  running  through  the  reservoir  embankment, 
in  case  the  standpipe  should  be  obstructed  in  any  wa,y.  There 
is  more  likelihood  of  ice  and  snow  in  winter  obstructing  the  over- 
flow than  of  anything  obstructing  the  standpipe. 

Mr.  J.  Waldo  Smith.!  There  has  been  a  good  deal  said  this 
afternoon  about  reducing  valves  which  do  not  work.  Now,  I 
would  like  to  give  my  testimony  about  such  valves  that  do  work. 
I  have  had  occasion  during  the  past  ten  years  to  use  a  great  num- 
ber of  reducing  valves  of  from  4  inches  to  16  inches  in  size,  about 
fifty  in  all,  I  think,  and  all  of  these  valves  have  worked. 
Some  of  them  have  been  set  where  the  conditions  were  exceed- 
ingly trying.  They  have  all  been  in  a  position  where  their  action 
could  be  watched,  and  any  variations  shown  on  recording  gages, 
and  I  have  found  in  all  cases  that  they  have  worked  satisfac- 
torily; like  all  other  automatic  machines,  they  need  attention, 
but  if  they  are  properly  taken  care  of  I  have  great  faith  that 
their  performance  will  be  satisfactory. 

Mr.  Edwin  C.  Brooks. J  I  feel  that  I  ought  to  add  my  testi- 
mony here  to  the  efficiency  of  these  reducing  valves.  We  have 
two,  16-inch,  which  have  been  in  use  about  six  years,  and 
have  not  given  one  particle  of  trouble.  We  have  recording 
gages  in  different  parts  of  the  city,  and  I  think  the  record  of  those 
gages  will  show  that  these  valves  have  done  their  work  in  a 
manner  which  leaves  nothing  to  be  desired.     They  absolutely 

*  civil  Engineer,  Boston,  Mass. 

t  Engineer  and  Superintendent,  East  Jersey  Water  Co. 

t  SupL-rlntendent,  Cambri(l«e  (Mass.)  Water  Works. 
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take  care  of  the  pressure  during  the  night  within  two  feet  static 
head,  and  all  through  the  day  the  pressure  on  any  of  these  gages 
will  scarcely  ever  vary  to  exceed  eight  to  ten  feet  during  the 
periods   of   greatest   consumption. 

Mr.  Gowing.  I  do  not  wish  to  be  understood  as  condemn- 
ing all  pressure-reducing  vah'es,  as  doubtless  there  are  some 
which  will  do  good  work.  The  conditions  in  the  places  where 
I  have  used  this  scheme  are  different  from  those  usually  met  with, 
as  will  be  understood  when  I  say  that  the  amount  charged  up  last 
year  on  this  particular  water-works  system  for  salary,  expense, 
and  everything  concerned  in  the  maintenance  of  the  works  was 
$185,  $50  of  which  was  for  car-fares  and  traveling  expenses. 
It  will  be  understood  that  these  works  had  to  run  alone,  and  get 
.along  without  very  much  supervision.  When  there  is  plenty  of 
water  to  waste,  and  it  is  advisable  to  curtail  the  expenses  of  super- 
vision, it  seems  to  me  that  something  of  this  sort  is  useful. 

Mr.  Coffin.  There  are  a  number  of  pressure-reducing  valves 
on  the  Metropolitan  system,  and  perhaps  Mr.  Brackett  can  tell 
us  something  about  them. 

Mr.  Dexter  Brackett.*  I  do  not  know  that  I  can  say  very 
much  on  this  subject  except  to  state  that  there  are  in  use  on  the 
Metropolitan  works  five  pressure-reducing  valves,  three  of  which 
are  under  our  direct  supervision.  I  think  I  may  say  that  these 
valves  are  similar  to  other  automatic  machines  in  that  they  will 
sometimes  get  out  of  order.  One  of  our  valves  has  given  us 
practically  no  trouble,  while  another  of  the  same  size,  used,  so 
far  as  we  can  judge,  under  exactly  the  same  conditions,  has 
given  considerable  trouble.  The  pressure  runs  up,  on  the  de- 
Hvery  side  of  the  valve  higher  than  it  should  at  some  times. 
Trouble  is  liable  to  occur  where  these  valves  are  used  for  control- 
ling the  elevation  of  water  in  a  standpipe  if  an  attempt  is  made 
to  control  the  elevation  of  the  water  within  a  few  feet.  Where 
the  valve  is  used  for  supplying  into  a  closed  service  a  variation 
of  three  or  four  ])()unds  makes  no  difference,  and  the  valve  works 
satisfactorily.  If  the  pressure  varies  as  much  as  eight  or 
ten  pounds  it  is  not  likely  to  bo  noticed.  On  the  other  hand, 
if  the  valve  is  controlling  the  supply  into  a  standpipe,  and  it  is 
desired  to  keep  the  water  within  about  five  feet  of  the  top,  and 

*  Enj.'-lncer,  Distribi^tlon  Department,  Metropolitan  Waterworks,  Boston,  Mass. 
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anything  goes  wrong  with  the  valve,  you  hear  from  it  very  quickly. 
In  cases  where  the  pressure  on  the  supply  side  of  the  valve  varies 
considerably  the  results  are  not  as  satisfactory,  as  we  find  that 
under  this  condition  the  pressure  on  the  delivery  side  of  the  valve 
does  not  remain  constant.  On  the  whole,  the  valves  give  satis- 
faction, and  we  have  no  desire  to  take  them  out.  If  you  expect, 
however,  that  the}'  will  work  without  any  attention  being  given 
to  them,  I  should  say  you  would  be  disappointed. 

The  thought  comes  to  me  in  connection  with  Mr.  Gowing's 
scheme,  that  a  pressure-reducing  valve  placed  on  the  pipe  line 
just  above  the  standpipe  would  have  the  effect  of  saving  water, 
which  might  be  desirable,  and  at  the  same  time  would  prevent 
any  undue  pressure  on  the  pipe  line  in  case  the  valve  failed  to 
control  the  pressure. 

Mr.  Robert  J.  Thomas.*  Before  closing  on  this  matter  of 
pressure-reducing  valves,  I  would  simply  say  that  any  of  you 
gentlemen  who  intend  purchasing  such  valves  can,  by  consult- 
ing the  advertising  pages  of  the  Journal,  obtain  a  valve  which 
will  not  give  any  trouble.     [Laughter  and  applause.] 

Mr.  Fuller.  When  the  high  service  was  put  in  at -Arlington 
one  of  Mr.  Ross'  5-inch  valves,  I  think,  was  used.  That  was  put 
in  four  or  five  years  ago,  and  I  have  never  heard  that  it  has  not 
worked  satisfactorily.  It  was  placed  in  the  lower  end  of  the 
town,  where  the  pressure  was  very  heavy,  and  so  far  as  I  know 
it  has  worked  well. 

*  Advertising  Agent,  New  England  Water  Works  Association. 
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THE  ECHO  LAKE  DAM,  AT  MILFORD,  MASS. 

BY    LEONARD    METCALF,    CIVIL    ENGINEER,    BOSTON,    MASS. 
[Bead  January  14,  1903.] 

About  twelve  miles  southwest  of  South  Framingham,  Mass., 
lies  the  town  of  Milford,  on  the  headwaters  of  the  Charles  River, 
and  adjoining  it  the  town  of  Hopedale.  Both  of  these  towns  are 
supplied  with  water  from  the  Charles  River  by  the  Milford  Water 
Company,  which  was  incorporated  under  Act  of  the  Massachu- 
setts Legislature  in  the  year  188L  The  joint  population  of  the 
towns  is  shown  by  the  following  table: 

Population  according  to  U.  S.  Census. 

Year.  Milford.  Hopetlale.*  Total. 

1880  9  310          9  310 

1890  8  780  1  176  9  956 

1900  11  376  2  087  13  463 

The  water  consumption  has  averaged  during  the  last  decade 
from  50  to  60  gallons  per  capita,  as  shown  in  greater  detail  by 
the  accompanying  table: 

AvEKAGE  Daily 

Total  Annual  Consumption. 

Consumption.  Total          GmUods  per 

Year.                                                     In  U.  S.  Gallons.  Gallons.            Capita. 

189.5   192  300  000  527  000             51 

1896 2:34  400  000  642  000             60 

1897 221  300  000  606  000             55 

1898 204  200  000  559  000             48 

1899   243  700  000  668  000             54 

'1900 310  .500  000  851  000             63 

1901 261  300  000  716  000             49 

1902 288  800  000  791  000             51 

The  small  per  capita  consumption  is  remarkable  in  view  of 
the  heavy  pressure  prevailing  in  certain  parts  of  the  town,  the 
territory  covered,  and  the  nature  of  the  service,  —  a  direct  pump- 
ing or  so-called  "Holly"  system. 

*  The  town  of  Hopedale  was  incorporated  and  set  apart  from  Milford,  April  7, 1886. 
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Analysis  indicates  that  the  present  normal  consumption  is 
about  275  000  000  gallons  per  year,  or  approximately  750  000 
gallons  per  24  hours,  and  that  during  the  summer  months  this 
amount  is  materially  exceeded,  reaching  an  average  daily  con- 
sumption of  upwards  of  1  000  000  gallons  t>er  24  hours,  with 
maximum  rates  of  consumption  of  more  than  double  this  amount 
for  short  periods. 

The  water  supply  is  drawn  from  three  deep  wells,  the  first  19 
feet  in  internal  diameter  by  26  feet  in  depth;  the  second  14.5  feet 
in  internal  diameter  by  25  feet  in  depth ;  the  third  22  feet  in  in- 
ternal diameter  by  28  feet  in  depth  —  all  yielding  ground  water, 
and  from  two  uncovered  slow  sand  filters,  the  first  0.21  acre  in. 
area,  the  second  0.24  of  an  acre  in  area;  and  from  two  new  covered 
masonry  slow  sand  filters,  just  completed,  each  of  approximately 
one-eighth  of  an  acre  (0.130  and  0.131  acre). 

The  sand  filters  draft  water  from  the  Charles  River,  and  dis- 
charge it  after  filtration  into  the  first  well,  which  under  the  recent 
changes  has  been  converted  into  a  pump  well,  with  suitable  pro- 
vision for  still  using  it  when  desired  as  a  supply  well.  It  is  esti- 
mated that  during  the  normal  summer  season  the  wells  yield 
about  300  000  gallons  per  day,  the  rest  of  the  water  consumed 
being  furnished  by  the  filters. 

Though  not  essential  here,  it  may  be  of  interest  to  state  that 
the  pumping  plant  (a  "Holly"  system)  consists  of  three  pumps 
—  a  3  000  000-gallon  "Holly"  flywheel,  compound  condensing 
pump ;  a  2  000  000-gallon  Worthington  duplex  direct-acting,  com- 
pound condensing  pump;  and  a  750  000-gallon  Knowles  duplex 
direct-acting,  compound  condensing  pump. 

Analyses  of  the  water  made  from  time  to  time  by  the  Massa- 
chusetts State  Board  of  Health  show  it  to  be  of  good  quality. 
While  the  number  of  persons  per  square  mile  of  watershed- is  very 
low,  the  presence  of  certain  swamp  areas  above  the  pumping 
station,  and  the  possibility  of  contamination  by  the  employees  of 
the  various  quarries  located  upon  the  watershed  near  the  river, 
made  it  advisable  from  the  liberal  point  of  view  of  the  water 
company  to  filter  the  water,  in  order  to  remove  all  possible 
chance  of  infection  and  the  organic  matter  present  at  certain  sea- 
sons of  the  year,  and  to  reduce  the  color  of  the  water. 

From  original  plans  in  the  possession  of  the   Massachusetts 
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Topographical  Survey  Commission, — now  merged  with  the  Harbor 
and  Land  Commission,  —  through  the  courtesy  of  its  engineer, 
Mr.  Henry  B.  Wood,  a  tracing  was  made  of  the  vicinity  of  Hay- 
den  Row,  Hopkinton  and  Milford  (Mass.),  from  which  has  been 
determined  the  watershed  tributary  to  Echo  Lake  above  the 
dam,  and  at  the  pumping  station  of  the  Milford  Water  Company. 
From  this  plan  and  surveys  made  for  the  Milford  Water  Company, 
the  following  data  were  determined: 

Watershed  tributary  to  Echo  Lake,  including  water  sur- 
face, L53  square  miles. 

Watershed  tributary  to  pumping  station  pond,  exclusive 
of  Echo  Lake  watershed,  2.10  square  miles. 

Total  area  of  watershed   above    pumping    station    pond, 
3.63  square  miles. 

Area  of  Echo  Lake  water  surface  to  crest  of  old  dam, 
70.56  acres. 
The  phenomenally  dry  summer  of  1900  threatened  a  shortage 
of  water,  and  made  it  necessary  for  the  water  company  to  take 
steps  toward  increasing  the  future  capacity  of  its  water  supply. 
The  situation  was  therefore  carefully  examined,  and  it  was  de- 
termined to  further  develop  the  present  sources  of  supply  by 
increasing  the  storage  capacity,  and  hence  the  yield  of  the  trib- 
utary watershed  at  the  pumping  station.  The  most  available 
means  for  accomplishing  this  proved  to  be  by  raising  the  Echo 
Lake  dam,  located  in  Hopkinton  near  the  Milford  line,  on  the 
headwaters  of  the  Charles  River  ;  while  but  1.53  square  miles  of 
the  total  3.63  square  miles  of  watershed  above  the  pumping  sta- 
tion was  tributary  to  Echo  Lake,  the  opportunity  for  economi- 
cally impounding  the  storm  waters  there  was  most  unusual.  The 
slopes  of  the  lake  shore  were  steep  and  rocky  on  all  except  the 
upper  reaches  of  the  pond;  the  amount  of  masonry  required  was 
comparatively  small,  and  plenty  of  good  granite  in  ledge  and 
boulders  was  right  at  hand.  Moreover,  the  raising  of  the  dam 
resulted  in  increasing  the  mean  depth  of  the  lake  without  seri- 
ously increasing  the  area  of  shallow  flowage;  while  the  construc- 
tion of  a  storage  basin  at  any  other  site  available  would  have  very 
materially  increased  the  area  of  shallow  flowage.  Computations 
based  upon  the  Sudbury  River  records  indicate  that  the  mean 
yield  of  the  Echo  Lake  watershed,  over  a  long  period  of  years, 
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would  probably  be  about  550  000  000  gallons  per  annum,  amount- 
ing (with  a  mean  storage  capacity  of  175  000  000  gallons)  to 
1  500  000  gallons  per  24  hours ;  and  that  in  the  driest  year  this 
might  amount  to  as  little  as  250  000  000  gallons  per  annum,  or 
700  000  gallons  per  24  hours.  Investigation  indicated  the  wis- 
dom of  raising  the  flow  line  at  least  5  feet,  which,  bearing  in  mind 
the  effect  of  a  succession  of  dry  years,  was  estimated  to  make 
possible  an  average  daily  yield,  with  a  storage  capacity  of  from 
160  000  000  to  240  000  000  gallons,  of  from  900  000  to  1  000  000 
gallons  of  water,  involving  a  fluctuation  in  the  lake  level  of  from 
6  to  11  feet;  and  in  extreme  cases,  periods  of  nearly  a  year  when 
the  water  would  not  fill  the  lake  to  the  crest  of  the  dam.  As  it 
was  found,  however,  that  these  developments  required  the  pur- 
chase of  additional  lands  for  fiowage  purposes,  it  was  deemed 
expedient  to  increase  slightly  the  amount  of  land  to  be  bought  or 
condemned  about  the  lake,  in  order  fo  enable  the  water  com- 
pany to  control  the  entire  watershed  surrounding  or  contiguous 
to  the  lake.  This  was  therefore  done,  and  plans  were  drawn  for 
raising  the  dam  10  feet  and  the  flow  line  9^  feet.  This  construc- 
tion developed  the  following  fiowage  areas  and  storage  capaci- 
ties: 

ECHO   LAKE    STORAGE   CAPACITY. 

MiLFORD  Water  Co.,  Milford,  Mass. 

Area  of  tributary  watershed  above  dam,  estimated  from  the  Massachu- 
setts Topographical  Survey  Maps      .         .        .        1  53  square  miles. 
Crest  of  wasteway  of  new  dam       .         .  at  gr.  109  5    (assumed  bench). 

Crest  of  new  dam „       110  00 

Crest  of  old  dam  and  wasteway,  approximate    ,,      100  00 


Areas  and  Storage  Capacities  (after  Surveys  by  L.  M.) 


Grades. 

Areas,  acres. 

Capacities,  gallons. 

110  0 

1115 

162  300  000 

105  0 

87  8 

128  400  000 

100  0 

70  0 

103  100  000 

95  0 

56  6 
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The  storao^e  capacity  between  gr.  109.5,  crest  of  wasteway,  and 
gr.  110,  crest  of  dam,  is  approximately  19  000  000  gallons,  which  is 
equivalent  to  |  inch  rainfall  over  the  entire  watershed  above  the  dam. 

Storage  Capacity  in  1-foot  Lasers  below  Top  of  AVastewat. 


Distance  below  Crest  of 

Wastevvay. 

Feet. 

Volume  between  Crest  of 

Wasteway  and  given  Level 

below  Crest. 

Gallons. 

Volume  in  1  foot  of  Depth 

above  given  Level. 

Gallons. 

1 

35  000  000 

35  000  000 

2 

68  000  000 

33  000  000 

3 

100  000  000 

32  000  000 

4 

130  000  000 

30  000  000 

5 

159  000  000 

29  000  000 

6 

186  000  000 

27  000  000 

7 

212  500  000 

26  500  000 

8 

238  000  000 

25  500  000 

9 

262  000  000 

24  000  000 

10 

285  000  000 

23  000  000 

11 

306  500  000 

21  500  000 

12 

327  000  000 

20  500  000 

13 

347  000  000 

20  000  000 

14 

366  000  000 

19  000  000 

15 

384  000  000 

18  000  000 

While  the  section  of  the  old  dam  —  which  was  of  the  arched 
form,  upon  a  radius  of  about  90  feet,  with  a  maximum  height  in 
the  center  of  26  feet,  19  feet  base,  and  5  feet  horizontal  crest, 
with  vertical  up-stream  face,  and  down-stream  face  with  a  bat- 
ter of  1  in  If  —  indicated  the  possibiUty  of  increasing  its  height 
without  further  reinforcement,  the  uncertainty  as  to  the  char- 
acter of  its  foundation  and  the  very  serious  damage  that  would 
have  resulted  from  a  breach  in  the  masonry,  or  from  the  under- 
mining of  its  foundation,  owing  to  the  increase  in  the  head  or  the 
the  pressure  of  water  upon  it,  made  it  necessary  to  determine  the 
character  of  its  foundation.  Inquiry  unfortunately  developed 
but  little  definite  information,  and  that  to  the  effect  that  "the 
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dam  was  founded  on  rock,  except  for  a  distance  of  about  30  feet  " 
(actually  48  to  60  feet)  "in  the  center  of  the  valley,  where  it  was 
carried  down  into  impervious  hard  pan  for  a  depth  of  about  4 
feet,  the  gate  being  but  about  6  feet  above  the  bottom  of  the 
dam,  and  about  2  feet  above  ground  level;  and  that  two  thirds  of 
the  masonry  was  laid  in  Rosendale  cement  mortar,  the  remain- 
ing third  in  Portland  cement  mortar." 

The  work,  therefore,  was  postponed  till  the  latter  part  of  the 
summer,  when  test  pits  were  dug  below  the  dam  at  the  lowest 
points  in  the  valley.  One  of  these  pits  disclosed  a  footing  of  dis- 
integrated granite;  the  second  of  very  fine  sand;  the  third  of 
hard  pan,  underlaid  with  loose  ledge.  Plans  were  therefore 
drawn  for  reinforcing  and  partially  underpinning  the  old  dam, 
and  the  water  in  the  lake  was  drawn  down  in  September  from 
7  to  8  feet  below  the  crest  of  the  dam.  This  gave  opportunity 
for  the  construction  of  a  coffer  dam  at  the  narrows  about  175  feet 
above  the  dam  to  hold  back  the  waters  of  the  lake  during  the 
undermining  of  the  old  structure,  and  thus  to  relieve  the  pres- 
sure of  the  water  upon  it.  A  coffer  dam  was  built  from  an  out- 
cropping ledge  near  the  center  of  the  narrows  to  the  easterly 
shore,  of  white  pine  logs,  cut  from  the  new  flowage  area  near  at 
hand,  faced  with  plank  and  filled  and  reinforced  with  material 
from  a  borrow  pit  excavated  in  a  neighboring  bank.  The  gap 
on  the  westerly  side  of  the  ledge  was  stopped  with  sand  bags. 
The  area  below  this  coffer  dam  was  then  drained  through  the  24- 
inch  blow-off  gate,  discharging  into  a  wooden  flume  and  carr^dng 
the  water  clear  of  the  excavation  below  the  main  dam. 

The  section  first  proposed  for  the  new  dam  involved  a  maxi- 
mum height  of  41  feet,  base  32  feet,  crest  6  feet,  up-stream  face 
vertical  except  near  the  crest,  where  a  triangle  was  to  be  cut  off 
to  reduce  ice  pressure,  and  the  down-stream  face  with  the  follow- 
ing batters  :  For  12  feet  down  from  the  top,  a  batter  of  1  in  6; 
then  for  10  feet,  1  in  2;  and  below  this,  1  in  1.  The  varying  sec- 
tion of  the  old  dam  and  the  thin  shell  of  masonry  which  would 
have  resulted,  at  certain  points,  from  the  use  of  the  proposed 
section,  led  to  the  adoption  of  the  somewhat  simplified  section 
shown;  that  is,  with  a  vertical  up-stream  face,  6  feet  crest  (with  2 
feet  taken  out  to  give  suitable  batter  to  reduce  ice  pressure),  a 
down-stream  face  with  a  batter  of  1  in  6  for  10  feet,  and  1  in  H 
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below  this  point,  giving  a  maximum  theoretical  section  of  29.4 
feet  (actual  32.5)  on  the  base  for  the  maximum  height  of  42.5 
feet.     (See  Fig.  1.) 

The  excavation  was  then  begun  and  carried  down  to  solid 
granite  ledge,  the  rotten  stone  being  removed  by  picks,  and  blast- 
ing with  black  powder  in  small  charges.  In  this  way  the  dam 
was  undermined  about  7|  feet  in  depth  and  for  a  distance  of 
about  3  feet  up  stream  (or  underneath  the  dam)  from  the  down- 
stream face  of  the  old  masonry.     (See  Plates  I  and  II.) 


Theoretical  Cross-  Sections   j 
of  Echo  Lake  Dam  ' 


Fig.  1. 

It  is  perhaps  interesting  to  note  that  at  the  westerly  end  of  the 
sub-foundation,  lying  against  the  nearly  vertical  face  of  the  ledge 
or  side  wall  of  the  valley,  was  found  a  vein  or  dike  of  schistose 
material,  occurring  in  much  the  same  way  as  the  chke  in  the  cen- 
ter of  the  valley  under  the  new  Wachusett  dam  of  the  Metropoli- 
tan Water  Works.  While  this  material  did  not  appear  to  have 
carried  any  water,  it  could  be  easily  excavated  with  a  pick.  The 
material  under  the  main  body  of  the  old  dam  in  the  center  of  the 
valley  for  a  distance  of    about  48  to  60  feet  was  a  good,  dense 
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harcl-pan,  partially  underlaid  with  a  layer  of  free  sand  and  gravel. 
The  westerly  shoulder  of  the  dam  abutted  upon  a  hard  though 
somewhat  seamy  ledge;  but  the  easterly  end  was  found  to  have 
been  built  against  the  hard  earth  fihing  and  vertical  slabs  of 
granite.  (Plate  III.)  All  loose  material  was  removed  to  hard 
rock.  A  suitably  rough  inclined  footing  was  blasted  out  of  the 
ledge  in  the  bottom  of  the  valley;  a  trench  or  shoulder  was  cut 
well  into  the  ledge  on  the  westerly  side,  for  a  skewback  for  the 
dam  arch,  while  the  easterly  end  of  the  dam  was  abutted  against 
an  ideal  ledge  skewback  or  buttress  of  hard  granite,  with  vertical 
face,  normal  to  the  thrust  of  the  arch,  which  was  disclosed  by 
the  excavation  of  the  granite  slabs  and  loose  material  previ- 
ously referred  to. 

In  this  excavation  the  masonry  was  laid  of  split  granite  rubble, 
in  Portland  cement  mortar  mixed  with  one  part  of  cement  to 
two  parts  of  sand  by  volume.  The  granite  was  quarried  mainly 
on  the  easterly  side  of  the  valley,  from  outcropping  ledges  and 
large  bowlders,  by  means  of  plugs  and  feathers  and  occasional 
charges  of  black  powder.  The  rock  was  handled  by  a  derrick, 
Hfting  it  from  the  quarry  to  the  dam,  the  work  upon  the  latter 
being  handled  by  two  derricks  located  on  top  and  at  the  ends  of 
the  dam,  shifted  in  position  two  or  three  times  during  the  prog- 
ress of  the  work. 

By  a  small  amount  of  earth  stripping  and  blasting  of  ledge, 
a  spillway  was  built  clear  and  free  from  the  main  portion  of  the 
dam,  the  water  flowing  over  this  being  deflected  by  means  of  a 
short  dry  wall  over  the  natural  rock  surface  in  a  waterfall  or  cas- 
cade into  the  valley  at  a  point  about  fifty  feet  below  the  main 
structure.  Owing  to  the  topography  of  this  westerly  hillside,  it 
-  was  necessary  to  locate  this  spillway  on  a  tangent  to  the  main 
portion  of  the  dam  which  spans  the  gorge,  and  for  this  reason 
the  latter  was  reinforced  at  its  junction  with  the  side  walls  of  the 
valley,  and  very  carefully  bonded  into  the  sohd  ledge.  (See  Fig.  2.) 

While  the  water  was  drawn  off  below  the  coffer  dam,  the  oppor- 
tunity was  taken  for  cutting  out  and  repointing  the  up-stream 
face  of  the  old  masonry,  and  for  carefully  grouting  with  Port- 
land cement  mortar  under  a  head  the  three  or  four  voids  or  holes 
that  were  found  in  the  masonry.  All  of  this  pointing  was  done 
with  a  one-to-one  mixture  of  Atlas  Portland  cement. 
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Two  points  in  the  method  of  construction  adopted  involved 
serious  consideration:  First,  the  possibihty  of  an  upward  pres- 
sure over  a  considerable  area  of  the  foundation  or  bottom  of  the 
old  dam,  owing  to  the  fact  that  it  was  not  founded  upon  ledge ; 
and,  second,  the  possibihty  of  a  bursting  pressure  between  the 
old  and  new  layers  of  masonry,  owing  to  leakage  of  the  old  struc- 
ture and  the  practical  impossibility  of  obtaining  a  perfect  bond 
between  the  old  and  new  walls.  Both  the  old  and  the  new  sec- 
tions of  the  dam  were  designed  as  gravity  sections,  without  allow- 
ance for  the  additional  stability  afforded  by  the  arched  form,  and 
it  will  be  seen  from  the  accompanying  diagram  that  even  with 
an  upward  pressure  over  a  portion  of  the  footing  of  the  old  dam 
the  line  of  resistance  would  fall  well  within  the  new  base.  As 
an  additional  precaution,  however,  a  small,  dry  well  was  left 
underneath  the  dam  just  up-stream  from  the  new  masonry, 
with  a  1^-inch  wrought-iron  pipe  passing  through  the  masonry 
and  discharging  freely  down  stream.  This  well  was  located  at 
a  point  where  a  spring  was  found  coming  up  through  a  seam  in 
the  ledge,  and  measurements  were  made  of  the  amount  of  water 
percolating  through  the  pipe.  Since  the  completion  of  the  work 
the  flow  of  water  through  this  pipe  has  been  observed  from  time 
to  time,  but  no  evidence  of  increased  seepage  or  leakage  has  been 
found.  Several  springs  of  this  sort  were  encountered  in  laying 
the  footing  masonry^  but  their  origin  appeared  to  be  in  the  nature 
of  ground  water  from  the  hillside  above,  rather  than  from  the 
lake  itself. 

As  regards  the  bonding  of  the  two  layers  of  masonry,  it  should 
be  noted  that  the  foundation  was  exceedingly  well  bonded  into 
the  footing  ledge,  and  that  it  is  further  assisted  by  the  thrust  of 
the  dam  under  pressure  of  the  water ;  that  both  ends  or  sides 
of  the  dam  abutting  upon  the  slopes  of  the  valley  were  rein- 
forced and  unusually  well  bonded  into  the  ledge,  and  that  a  por- 
tion of  the  top  of  the  old  dam  was  removed,  and  the  new  work 
was  bonded  into  and  over  the  old  masonry.  Moreover,  the  effect 
of  the  arch  is  probably  to  bring  the  old  and  the  new  faces  of  the 
masonry  tightly  in  contact.  As  an  additional  precaution,  how- 
ever, two  perforated  1-inch  lead  pipes  were  laid  against  the  down- 
stream face  of  the  old  structure,  following  vertically  said  face, 
and   built  into  the  new  masonry,  so  that  in  case  of  the  develop- 
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ment,  through  leakage  or  other  cause,  of  a  considerable  area  of 
hydraulic  pressure  between  the  two  layers  of  masonry,  this  seep- 
age or  leakage  water  may  be  drained  out  by  these  pipes  before 
it  can  develop  large  areas  of  such  stresses.  Up  to  this  time  no 
leakage  has  been  apparent  in  these  pipes,  but  the  fact  should  not 
be  overlooked  that  the  lake  has  not  yet  had  opportunity  to  fill  to 
the  new  flow  line. 

As  already  briefly  alluded  to,  a  triangle  of  masonry  is  cut  off  on 
the  up-stream  face  (2  feet  on  the  crest  and  4  feet  vertically  down), 
giving  a  batter  to  the  face  of  1  in  2,  in  order  to  reduce  the  danger 
from  ice  pressure;  and  the  bottom  is  sloped  by  paving  with  large 
granite  blocks  at  and  near  the  spillway  for  the  same  reason. 

After  completion  the  crest  of  the  dam  was  cut  and  dressed  to 
line  with  hammer  and  pointed,  and  all  joints  were  pointed  with 
one  to  one  Portland  cement  mortar. 

Two  10-inch  blow-off  gates  are  provided,  located  at  8  and  14 
feet  respectively  below  the  flow  line. 

It  was  thought  inexpedient  to  strip  the  new  flowage  area,  ow- 
ing to  the  expense  involved  and  the  character  of  the  stream  be- 
tween the  dam  and  the  pumping  station,  particularly  in  view  of 
the  fact  that  the  water  is  all  filtered  through  slow  sand  filters 
before  use.  The  area  was  therefore  merely  cleared  with  ax  and 
brush  hook. 

The  quantities  of  masonry  invoh^ed  and  the  items  of  cost  are 
not  here  given,  for  the  reason  that  the  work  was  of  such  special 
nature  as  to  make  such  figures  of  little  value  for  purpose  of  esti- 
mating elsewhere,  without  a  very  intimate  knowledge  of  all  the 
local 'conditions,  some  of  which  were  quite  unusual.  It  may  be 
of  interest  to  note,  however,  that  the  cement  used  amounted  to 
0.83  of  a  barrel  per  cubic  yard  of  masonry  (which  is  equivalent 
to  1.2  cubic  yards  of  masonry  per  barrel  of  cement),  based  upon 
the  entire  work,  including  all  foundation  work,  pointing,  grout- 
ing, etc.;  while  the  rubble  masonry  itself  required  in  the  mass 
work  about  0.7  barrels  of  cement  per  cubic  yard  of  masonry. 

The  speaker  takes  pleasure  in  acknowledging  his  indebtedness 
for  hearty  co5peration  and  assistance  to  Mr.  J.  William  Kay, 
Superintendent  of  the  Milford  Water  Company;  to  Mr.  A.  T. 
Safford,  Consulting  Engineer,  of  Lowc'll;  and  to  Mv.  William  T. 
Barnes,  Resident  Engineer  on  the  woi-k. 
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Fig.  1.  —  JJiii-NFOKCiNr.  Old  Dam. 
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THE    WATER    SUPPLY    OF    NEW    ORLEANS 
AND    ITS    IMPROVEMENT. 

T^Y    ROBERT    SPURR    AVESTOX,    SANITARY    EXPERT,    IJOSTON,    MASS. 
[Read  February  11,  1903.] 

When  one  visits  Louisiana,  particularly  New  Orleans,  for  the 
first  time,  his  attention  is  forcibly  turned  toward  the  rain  water 
cisterns  which  are  attached  to  nearly  every  building.  ^lany  of 
these  cisterns  are  two-storied.  This  construction  permits  the 
supplying  of  the  upper  floor  during  times  of  drought,  as  the  rain 
water  usually  runs  first  into  the  upper  cistern  and  then  overflows 
into  the  lower.  The  large  rainfall  is  utihzed  for  the  domestic  sup- 
ply, because  of  the  poor  c[uality  of  the  ground  water  and  the  hard- 
ness and  muddiness  of  the  river  water,  the  two  other  available 
sources.  Nine  tenths  of  the  city's  domestic  supply  is  from  the 
cisterns  and  the  remainder  from  the  ^Mississippi  River,  the  water 
of  the  latter  also  being  used  for  protection  against  fires  and 
for  flushing  gutters.  The  ciuality  of  the  rain  water  varies  from 
very  good  to  very  bad,  depending  upon  the  location  and  nature 
of  the  collecting  surface,  the  construction  of  the  cistern,  the 
character  of  the  surrounding  atmosphere,  the  season  of  the  year, 
etc. 

Naturally  the  well-constructed  and  well-cared  for  cisterns  col- 
lecting water  from  clean  roofs  in  the  more  open  parts  of  the  city, 
and  automatically  wasting  the  first  portions  of  each  shower  be- 
fore turning  the  rain  water  into  the  cisterns,  may  be  expected  to 
furnish  satisfactory  water.  On  the  other  hand,  the  seldom- 
cleaned,  open  cisterns,  receiving  the  washings  of  befouled,  dusty, 
and  decaying  shingle  roofs  in  the  thickly-settled  districts,  are 
undoubtedly  frequent  sources  of  infection. 

Two  conditions,  however,  militate  against  the  use  of  even  the 
most  excellent  cistern,  namely,  the  long  dry  season  and  the  in- 
creased use  of  water  due  to  the  increasing  amount  of  sanitary 
plumbing.     Again,   the   construction   of    the    proposed   sewerage 
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S3'stem  will  invite  the  construction  of  more  house  plumbing,  and 
will  consequently  demand  more  water  than  the  sixty  inches  of 
rainfall  can  supply.  Already  many  of  the  better  class  of  houses 
use  the  rain  water  for  cooking,  drinking,  and  laundry  purposes 
only,  while  the  river  water  is  used  at  the  sinks,  lavatories,  baths, 
and  water-closets.  Still  other  houses  are  provided  with  small  fil- 
ters, some  of  which  filter  river  water  to  supply  the  whole  house, 
thereby  doing  away  with  the  questionable  cistern  water  and  its 
unsightly  container. 

The  necessity  for  soon  obtaining  a  more  abundant  and  satis- 
factory water  supply  for  New  Orleans  has  been  realized  for  some 
time,  and  a  Sewerage  and  Water  Board  was  constituted  by  a 
legislative  act  of  1899  to  build  new  water  supply  and  sewer- 
age systems.  To  defray  the  cost  of  these  works  a  two-mill  tax 
was  levied,  which  permits  a  bond  issue  of  about  $12  500  000. 

There  exists  here  the  unusual  example  of  an  American  city  with- 
out sanitary  sewers  and  with  only  about  one  tenth  of  the  houses 
connected  with  the  existing  mains  of  the  local  water  company. 

Three  sources  of  water  supply  were  proposed;  namely,  the 
rivers  to  the  north  of  Lake  Pontchartrain,  the  ground  water  from 
local  deep  wells,  and  the  Mississippi  River. 

The  water  of  the  rivers  north  of  the  lake  is  generally  uncon- 
taminated  by  sewage,  but  would  certainly  require  storage  or 
filtration  before  use,  to  perfect  its  appearance  and  protect  it 
against  chance  contamination.  This  purification  and  more  es- 
pecially the  cost  of  a  long  conduit,  pumping  machinery,  etc., 
exceeding  the  available  fund,  prohibited  the  adoption  of  this 
source  of  supply. 

The  water  of  the  deep  wells,  while  excellent  for  use  in  steam 
boilers,  is  alkaline,  and  has  such  a  high  color  that  purification 
would  be  necessary  were  it  used  for  domestic  purposes.  This 
purification  would  be  expensive.  Furthermore,  the  possibility 
of  assuring  a  supply  from  this  source  is  doubtful,  and  was  enough 
in  itself  to  prevent  the  serious  consideration  of  this  source  of 
supply. 

There  remained  only  the  Mississippi  River,  abundant,  near  at 
hand,  and  contaminated  only  at  remote  points,  but,  on  the  other 
hand,  moderately  hard,  and  laden  with  suspended  silt  and  clay. 

Previous  attempts  to  purify  the  river  water  made  by  the  New 
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Orleans  Water  Works  Company  in  1892,  using  mechanical  filters 
with  coagulant,  but  without  preUminary  subsidence  of  the  raw 
water,  had  resulted  in  a  costly  failure,  and  therefore  grave  doubts 
were  expressed  regarding  the  practicability  of  any  system  of 
water  purification,  especially  upon  a  municipal  scale.  However, 
the  Sewerage  and  Water  Board  was  advised  by  its  experts  that 
if  the  river  water  were  subjected  to  proper  preUminary  treat- 
ment it  could  be  filtered  afterward  without  serious  difficulty. 

Upon  the  advice  of  Mr.  George  G.  Earl,  M.  Am.  Soc.  C.  E.,  its 
chief  engineer,  the  board  decided  to  conduct  an  investigation  as 
to  the  feasibility  of  purifying  the  Mississippi  River  water,  under 
the  general  supervision  of  Mr.  George  W.  Fuller,  Assoc.  M. 
Am.  Soc.  C.  E.,  the  consulting  sanitary  expert  of  the  Board,  and 
Mr.  Earl,  and  under  the  immediate  charge  of  the  speaker. 

WATER    PURIFICATIOX    IXVESTIGATIOX. 

A  water  purification  station  was  estaljlished  at  Audubon  Park, 
and  during  the  flood  season  of  1900-01  the  behavior  of  the  Miss- 
issippi River  water  was  observed  under  various  systems  of  treat- 
ment, and  after  various  periods  of  subsidence,  with  and  without 
the  aid  of  a  coagulant.  A  plan  and  section  of  this  station,  re- 
duced from  an  illustration  in  the  Engineering  Record,  is  shown  in 
Fig.  1. 

This  station  contained  four  complete  and  adjustable  systems 
of  water  purification,  having  a  total  daily  capacity  of  93  000 
gallons  per  diem,  or  enough  for  1  500  people.  Each  system  con- 
sisted of  subsiding  basins  and  filter.  The  basins  could  be  oper- 
ated either  with  or  without  the  aid  of  a  coagulant,  and  the  four 
filters,  two  slow  and  two  rapid,  were  supplied  with  the  effluents 
from  one  or  another  of  the  basins.  Thus  was  it  possible  to  study, 
among  other  things,  the  effect  of  plain  subsidence  for  various 
periods,  the  effect  of  supplementary  subsidence  with  a  coagulant, 
the  efficiency  of  the  various  methods  of  filtration,  the  effect  of 
various-sized  sands,  the  effect  of  various  rates  of  filtration,  etc., 
and  to  compare  the  data  one  with  another.  The  station  was 
equipped  with  an  adequate  laboratory,  and  the  work  of  the  station 
was  performed  by  a  staff  of  four  trained  and  four  untrained 
assistants,  besides  the  speaker.  The  cost  of  the  investigation 
was  something  over  S24  000,  an  expense  which  will  undoubtedly 
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effect  a  saving  of  several  times  that  amount,  besides  furnishing 
vakiable  initial  data  for  the  operation  of  the  plant  in  practice. 

The  details  of  the  investigation,  including  the  results  of  several 
thousand  analyses,  are  given  in  a  recent  report  to  the  chief  engi- 
neer of  the  Sewerage  and  Water  Board. 

Among  other  things,  the  investigation  determined  the  char- 
acter of  the  Mississippi  River  water,  the  most  efficient  and  eco- 
nomical method  of  treatment  of  the  water  before  filtration,  and 
the  most  efficient  and  economical  method  of  filtration,  and  besides, 
furnished  important  data  for  estimating  the  cost  of  the  proposed 
systems  of  purification. 
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COMPOSITION    AND   CHARACTER  OF   THE    AHSSISSIPPI    RIVER    WATER. 

The  A'lississippi  River  is  a  clay-bearing  stream,  whose  water 
at  New  Orleans  possesses  the  following  characteristic  features:  — 

1.  Wide  variation  in  the  amount  of  suspended  matter.  This 
variation  is  not  so  marked,  however,  as  in  many  of  its  tributaries. 

2.  The  comparatively  large  proportion  of  the  suspendetl  mat- 
ter made  up  of  fine  clay  particles. 

3.  The  absence  of  sudden  changes  in  the  amounts  of  suspended 
matter  in  the  water. 

4.  The  frequent  but  not  sudden  changes  in  the  character  of 
the  water,  due  to  the  predominance  of  one  or  another  of  the 
tributaries. 

5.  The  absence  of  appreciable  evidences  of  sewage  contami- 
nation. This  is  because  of  the  great  dilution  of  the  sewage 
entering  the  stream,  the  remoteness  of  the  sources  of  pollution, 
and  the  almost  complete  purification  effected  in  the  river  itself 
by  natural  agencies  during  the  stream's  passage  through  the 
delta,  the  surface  of  which  drains  away  from,  instead  of  into,  the 
river. 

It  may  be  well  at  this  point  to  give  a  brief  description  of  the 
watershed,  which,  of  course,  determines  the  character  of  the  river 
water  at  New  Orleans. 

You  \vill  recall  that  the  watershed  of  the  Mississippi  has  an 
area  of  1  240  000  square  miles,  distributed  among  thirty-one 
states  and  territories,  and  its  diversity  of  character  may  be  read- 
ily comprehended  when  one  considers  that  within  the  Mississippi 
River  basin  are  the  slopes  of  the  Alleghanies  and  the  Rockies  ; 
the  lakes  of  Minnesota  and  the  West  ;  the  limestone  farming 
country  of  Kentucky  and  Tennessee,  and  the  black  bottoms 
of  the  Dakotas;  the  arid  plains  of  the  Central  West  and  Colorado, 
and  the  swamps  of  the  Central  Valley. 

The  Mississippi  basin  is  made  up  of  six  tributary  basins;  namely, 
the  Ohio,  upper  Mississippi,  Missouri,  Arkansas,  Red  and  Cen- 
tral Valley. 

You  are  aware  of  the  fact  that  because  of  the  wide  variations 
in  amount  of  rainfall  in  different  parts  of  the  basin,  and  because 
of  the  varying  character  of  the  soil  and  chmate,  the  discharge  of 
the  several  tributaries  is  not  uniformly  proportional  to  the  area 
of  their  several  basins.     The  following  table  shows  the  rank  of 
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each  basin  as  regards  stream  discharges,  areas,  and  rainfalls,  as 
compared  with  one  another: 

Rank,  Based  Upon 

stream 

Basin.  discharge.  Area.         Rainfall. 

Ohio 1  2  2 

Upper  Missis.sippi 4  4  4 

Missouri 3  1  6 

Arkansas 5  .3  5 

Red 6  5  3 

Central  valle}^ 2  6  1 

This  table  illustrates,  among  other  things,  the  well-known  fact 
that  the  discharge  of  the  Missouri  River  is  much  less  than  the 
discharge  of  the  Ohio,  although  its  area  is  much  greater. 

The  amount  of  rainfall  varies  from  0  to  over  60  inches,  and 
averages  29.8  inches  per  annum,  according  to  the  best  authori- 
ties. This  rainfall  results  in  a  stream  discharge  of  from  200  000 
to  2  000  000  cubic  feet  per  second,  or,  in  other  words,  from  .12 
to  1.2  cubic  miles  volume  of  'water  per  clay. 

As  has  been  stated  previously,  the  contamination  of  the  river 
by  sewage  is  not  at  all  serious  in  comparison  with  that  of  most 
other  American  streams.  One  is  so  accustomed  to  hear  the 
Mississippi  River  called  the  "main  sewer  of  the  continent," 
"natural  carrier  of  the  waste  of  a  teeming  civilization,"  etc.,  that 
he  is  surprised  to  find  that  it  is  a  difficult  matter  to  demonstrate 
by  the  most  delicate  tests  that  the  local  river  has  been  contami- 
nated. This  is  evidenced  by  the  fact  that  Bacillus  coli  communis 
was  discovered  only  once  or  twice  in  five  months,  although  300 
cc.  portions  of  the  water  were  taken  for  each  determination, 
and  that  Bacillus  enteriditis  sporogenes  (Klein),  which  is  readily 
isorlated  from  the  Red  River  water  at  Shreveport,  was  found  at 
New  Orleans  on  but  one  occasion. 

The  urban  population  of  the  valley  is  estimated  at  9  000  000 
people,  including  all  towns  which  have  a  population  of  4  000  or 
more,  as  determined  by  the  United  States  census  of  1900. 

Only  four  cities,  with  a  combined  population  of  43  961,  dis- 
charge their  sewage  into  the  river  within  600  miles  of  New 
Orleans,  while  the  leveed  banks  prevent  the  accession  of  surface 
drainage. 
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As  you  well  know,  the  land  of  the  delta  is  necessarily  highest  at 
the  banks  of  the  stream,  thus  preventing  surface  drainage  into 
the  river.  It  is  evident  that  the  dilution  of  the  contamination 
is  enormous,  and  that  much  opportunity  is  given  for  the  self- 
purification  of  the  stream  by  natural  agencies  while  it  flows  on  its 
way  to  the  Gulf. 

The  Mississippi  River  is  a  very  muddy  stream,  containing  on 
an  average  about  2.7  tons  of  suspended  matter  per  1  000  000 
gallons  of  water.  This  means  that  any  system  of  purification 
must  remove  enough  silt  and  clay  from  the  future  water  supply 
of  New  Orleans  to  cover  four  city  squares  three  feet  in  depth  per 
annum. 

The  economical  clarification  of  the  water  by  the  removal  of  the 
clay  and  other  suspended  matter  is,  therefore,  indirectly  the 
chief  end  of  any  system  of  water  purification  at  Orleans,  and  ex- 
perience during  the  investigation  confirms  the  opinion  that  this 
removal  of  clay  is  accompanied  by  an  adequate  removal  of  bac- 
teria and  color,  thereby  guaranteeing  protection  against  disease 
bacteria,  which  might  perhaps  at  some  time  be  present  in  the 
unfiltered  water. 

Many  thousand  analyses  have  been  made  to  determine  the 
composition  of  the  river  water,  with  the  result  shown  in  the  fol- 
lowing summary: 

SUMMARY    OF   AMOUNT  OF   CONSTITUENTS    FOUND   IN   THE  RIVER  WATER    FOR 
THE    PERIOD   BETWEEN    DECEMBER   10,    1900,    AND   AUGUST    17,    1901. 

'Maximum. 

Silica  turbidity 1  460 

Total  suspended  matter  ....  1  040 

Total  dissolved  residue  ....  2.50 

Suspended  albuminoid  am- 
monia    0 ,  .598           0.015                  0 .  188 

Nitrogen  as  total  albuminoid 

ammonia 0 .  677 

Nitrogen  as  free  ammonia  .  .  0 . 0.36 

Nitrogen  as  nitrites 0 .  02.3 

Nitrogen  as  nitrates 0 .  56 

Chlorine 20.9 

Incrusting  constituents  ....  24 

Dissolved  oxygen 1 1 .  .5 

Alkalinity 11.5 

Free  carbon  dioxide 75 

■    Bacteria  per  cu.  centimeter.  .  6  .500 

Temperature,  degrees  C.  (F.) .  .  31 . 1  (88) 


-  Parts  per 

million.  

Minimum. 

Average. 

90 

405 

75 

440 

SO 

145 

0.0.54 

0.251 

0.000 

0.012 

0.000 

0.008 

0.02 

0.14 

6.0 

9.2 

5 

14 

5.3 

9.0 

57 

79 

0 

34 

60 

2  065 

7.0(44.6) 

17.6(63.8) 
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From  data  collected  during  the  investigation  and  obtained 
from  the  Mississippi  River  Commission,  it  was  possible  to  deter- 
mine closely  the  physical  character  of  the  river  water,  as  is  shown 
in' the  following  summary: 

SUMMARY    OF    THE    PHYSICAL    DATA. 

Average  suspended  matter,  1900-01,  441  parts  per  million. 
Average  silica  turbidity,  1900-01,  406  parts  per  million. 
Average  turbidity  coefficient,  1900-01,  1.08. 

Average  recorded  suspended  matter,  fifteen  years,  *  688  parts  per  million. 
Average  suspended  matter,  corrected  for  analytical  errors,  650  parts. 
Average  turbidity  coefficient  for  22  samples  of  water  having  between  600 
and  700,  and  averaging  648  parts  of  suspended  matter  per  million,  1.07. 
Estimated  mean  silica  turbidity,  600  parts. 
Maximum  suspended  matter,  1900-01,  1  040  parts. 
Mean  maximum  suspended  matter,  15  years,  *  2500  parts. 
Estimated  mean  annual  maximum  silica  turbidity,  1  500  parts. 
Estimated  mean  annual  minimum  silica  turbidity,  125  parts. 

Methods  of  Purification. —  Three  general  steps  in  the  systems 
for  complete  clarification  and  purification  have  been  considered 
in  various  combinations,  as  follows:  — 

1 .  Plain  subsidence  in  basins  for  several  days. 

2.  Supplementary  subsidence  in  basins  with  the  aid  of  a  coagu- 
lant. 

3.  Filtration,  either  at  a  slow  rate  through  sand  beds  —  Eng- 
lish filters  —  or  at  a  rapid  rate  through  filters  provided  with 
mechanical  devices  for  cleaning  the  sand  —  American  system. 

1.     PLAIN    SUBSIDENCE RELATIVE   FINENESS    OF    THE    SUSPENDED 

MATTER. 

The  suspended  silt  and  clay  in  the  Mississippi  River  water  at 
New  Orleans  contains  much  very  fine  material,  immeasurably 
finer  than  the  smallest  bacteria.  This  is  probably  because  of 
the  opportunity  afforded  for  sedimentation  of  the  larger  parti- 
cles during  ordinary  stages  of  the  river,  on  the  bed  of  the 
river  itself.  These  larger  particles  then  become  broken  into 
or  worn  to  sizes  which  can  be  carried  down  stream  by  the  lower 
velocities   which  obtain  in  the  last  few  hundred  miles  of  the  river. 

An  idea  of  how  fine  these  particles  are  may  be  obtained  by 
comparing    the    approximate    percentage    of    suspended    matter 

*  HL'port  of  Mississippi  Klver  Commission. 
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removed  from  the  local  water  for  twenty-four  hours  of  plain  sub- 
sidence with  that  removed  from  the  muddy  waters  of  other 
localities  for  the  same  period  of  subsidence,  as  follows: 

Kansas  City.  Missouri  River,  estimated  percentage  removal  of  suspended 
matter  in  twenty-four  hours,  82. 

Cincinnati.  Ohio  River,  estimated  percentage  removal  of  suspended  mat- 
ter in  twenty-four  hours,  62. 

New  Orleans.  Mississippi  River,  estimated  percentage  removal  of  sus- 
pended matter  in  twenty-four  hours,  45. 

Plain  Subsidence  Inadequate  to  Prepare  Water  for  Filtration  at 
all  Times.  —  On  account  of  the  large  amount  of  fine  clay  particles, 
the  suspended  matter  as  a  rule  is  held  in  suspension  indefinitely, 
and  cannot  be  removed  after  any  practical  periods  of  plain  sub- 
sidence, even  periods  of  a  week  or  more. 

English  Filters  and  Plain  Subsidence.  —  When  this  subsided 
water  is  filtered  at  slow  rates  through  thick  layers  of  fine  sand  a 
satisfactory  clarification  and  purification  results  for  but  a  portion 
of  the  time.  This  system  would  produce  muddy  effluents  for 
months  at  a  time,  and,  what  is  more  serious,  the  cost  of  cleaning 
and  renewing  the  clogged  sand  layer  would  be  prohibitive. 

2.    SUPPLEMENTARY  SUBSIDENCE   WITH    THE   AID    OF  A  COAGULANT. 

Necessity  of  Coagulant.  —  Since  the  fine  particles  of  suspended 
matter  cannot  be  removed  by  plain  subsidence,  it  is  necessary  to 
add  something  to  the  water  to  bring  them  together  in  aggregates 
or  groups,  which  of  themselves  would  have  a  subsiding  value 
great  enough  to  cause  them  to  settle  within  a  reasonable  period. 
Sulphate  of  alumina  can  be  used  for  this  purpose,  and  when 
added  to  the  water  forms  an  insoluble  gelatinous  precipitate 
which,  uniting  with  the  clay,  causes  it  to  gather  into  flocks  or 
aggregates,  which  settle  much  more  rapidly  than  the  diffused 
clay  particles  themselves.  This  precipitate  also  has  the  power 
of  attracting,  enveloping,  or  absorbing  stray  particles  of  sus- 
pended'matter,  including  bacteria,  so  that  the  water  by  this 
method  of  coagulation  and  supplementary  subsidence  can  be 
made  fairly  clear. 

Difficulty  of  Removing  Last  Traces  of  Turbidity  by  Coagulant. 
—  In  practice,  water  which  has  been  purified  by  plain  sul^sidence 
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followed  by  supplementary  subsidence  with  a  coagulant  is, 
strictly  speaking,  never  perfectly  clear.  This  is  because  it  is  diffi- 
cult to  remove  the  last  traces  of  turbidity  by  this  process  alone. 
Indeed,  it  is  much  more  satisfactory  to  make  the  final  step  in  the 
clarification  and  purification  process  by  the  use  of  a  suitable  filter. 

3.    METHOD    OF    FILTRATION. 

Two  kinds  of  filters  can  be  used  for  this  final  clarification  and 
purification  of  the  effluent  of  the  coagulating  basins,  namely,  the 
English  and  American  filters.  These  filters  are  well  known  to 
you  all.  The  English  system,  you  will  recall,  consists  of  a  bed  of 
sand  through  which  the  water,  without  coagulation,  but  after 
being  subjected  to  plain  subsidence,  filters  at  a  slow  rate,  while 
the  American  system  treats  the  water  after  both  plain  subsidence 
and  also  supplementary  subsidence  with  the  aid  of  a  coagulant, 
and  filters  it  at  a  rapid  rate  through  a  bed  of  sand,  which  is  in- 
termittently freed  from  matter  which  obstructs  the  passage  of 
water  by  reversed  currents  of  water  and  by  agitation.  In  the 
English  filter  the  accumulated  matter  which  clogs  the  filter  is 
removed  by  draining  and  scraping. 

The  main  features  of  the  two  filters,  however,  are  compared  as 
follows,  the  English  filters  being  covered  and  the  American  fil- 
ters partially  covered:   • 

Area  of  units:  about  1  acre  English,  15  x  24  feet  American. 

Area  of  40  000  000-gallon  plant:  ten  acres  English,  0.32  acre  American. 

Net  yield  or  rate  of  filtration,  million  gallons  per  acre  per  twenty-four 
hours:  4  English,  125  American. 

Depth  of  sand  (inches) :  36  English,  30  American. 

Depth  of  gravel  (inches):  12  English,  4  American. 

Underdrain  system:  drain  tiles  and  conduits  English,  pipe  system  of  double 
bottom  and  metal  strainers  American. 

Clogged  sand  layer  cleaned  by:  draining  and  scraping  English,  washing  with 
filtered  water  until  cleaned  American. 

Vertical  height  of  structure:  14  feet  English,  15  feet  American. 

Relative  efficiency  for  clay  removal  and  relative  bacterial  efficiency:  satis- 
factory in  both. 

Both  Filters  Applicable.  —  Both  filters  would  be  applicable  to 
the  purification  of  the  Mississippi  River  water,  provided  suitable 
arrangements  for  plain  subsidence  and  supplementary  subsidence 
with  the  aid  of  a  coagulant  were  provided. 
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The  sizes  and  arrangements  of  the  two  systems  of  purification 
may  be  compared  as  follows:  — 

Modified  Eng-  American 

lish  System.  System. 

Total  daily  capacity  of  plant,  gallons    .     40  000  000  40  000  000 

Capacity  of  plain  subsidence  basin  in 

hours  flow 12  12 

Capacity  of  coagulating  basin  in  hours 

flow 24  12 

Average  amount  of  coagulant,  grains 

per  gallon 3.7  4.5 

CoiP-nlflnt  used  i  Practically  Continu- 

i_.oaguiam;  usea j  continually.  ally. 

Approximate  first  cost  of  plant $1  260  000         $700  000 

Total  estimated  cost  of  purification 
per  million  gallons,  including  inter- 
est, depreciation  and  operating  ex- 
penses, as  well  as  pumping  water 
from  river  to  suction  of  high  lift 
pumps $16.46  $15.00 

It  is  seen  that  the  American  system  is  less  expensive  to  con- 
struct for  use  in  New  Orleans  than  the  modified  English  system 
by  more  than  $500  000. 

Selection  of  System  Best  Adapted  to  Local  Conditions.  —  Either 
filter  would  be  adapted  to  the  purification  of  the  Mississippi 
River  water,  and  the  decision  as  to  which  would  best  suit  local 
conditions  should  be  dependent  upon  the  cost  per  million  gallons 
of  filtered  water,  taking  into  consideration  the  difference  in  first 
cost. 

In  total  first  cost  the  American  system  is  fully  25  per  cent, 
cheaper  than  the  modified  English  system,  when  estimates  are 
made  up  on  the  same  basis. 

Careful  Supervision  Necessary  ivith  Both  Systems.  —  Both 
systems  require  careful  supervision  and  attention,  as  is  obvious. 

FINAL    CONCLUSIONS. 

In  conclusion,  it  may  be  said  that  the  present  water  supply  of 
New  Orleans  is  neither  satisfactory  nor  abundant,  and  that  suffi- 
cient data  has  been  collected  during  the  investigation  to  allow 
a  system  of  water  purification  to  be  designed  which  will  efficiently 
and  economically  purify  the  Mississippi  River  at  New  Orleans. 
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Furthermore,  the  available  evidence  shows  that  the  American 
system  is  best  adapted  to  local  conditions  on  accomit  of  its  low 
first  cost,  coupled  with  adequate  efficiency. 
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Ideal  cross  sections  of  American  and  engl!sh  filters. 

SHOWING  RELATIVE  THICKNESSES  Or  FILTERING  MATERIALS, 
AND  CHANCES  IN   UNDERORAINS   AT  OirfERENT  TIMEIS. 


a    ORADCO    SRAVEL 

3.  8.*-*e.     VNiroRM  SRAVCL 

NO    GRAvei.. 


Fig. 


During  the  investigation  frequent  changes  were  made  in  the 
sand  used  in  the  rapid  filters,  and  the  bacterial  efficiency  suffered 
accordingly.  Since  the  investigation,  however,  one  of  the  units 
has  been  operated  for  the  purpose  of  supplying  water  to  the 
wading  pool  in  Audubon  Park.  Although  this  plant  has  been 
operated  during  part  of  each  day  only,  it  has  shown  a  bacterial 
efficiency  of  98.2  per  cent.  This  is  certainly  in  excess  of  the 
requirements.  Furthermore,  the  appearance  and  taste  of  the 
purified  water  leave  little  to  be  desired. 
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ILLUSTRATIONS. 


The  accompanying  illustrations  show  a  general  plan  and  sec- 
tion of  the  experimental  station  (Fig.  1);  ideal  cross-sections  of 
the  experimental  filters  (Fig.  2) ;  general  view  of  American  filters 
and  controllers  (Plate  I);  map  of  proposed  intake,  purificatiou 
plant,  and  pumping  station  (Fig.  3) ;  general  plan  of  proposed  pur- 
ification plant  (Fig.  4) ;  section  showing  passage  of  water  through 
purification  plant  (Plate  II) ;  and  map  of  the  city  of  New  Orleans, 
showing  the  proposed  distribution  system  (Plate  III). 

DISCUSSION. 

Mr.  L.  M.  Bancroft.  I  would  like  to  ask  Mr.  Weston  what 
effect  the  coagulant  has  upon  the  hardness  of  the  river  water? 

Mr.  Weston.  The  coagulant  has  the  effect  of  changing  a 
certain  amount  of  the  carbonate  into  sulphate;  it  does  not  in- 
crease the  hardness  of  the  water  or  decrease  it.  It  changes  the 
chemical  constitution  of  the  matter  which  makes  up  the  hard- 
ness, and  makes  the  water  shghtly  worse  for  use  in  steam  boilers, 
but  otherwise  I  do  not  think  there  is  any  appreciable  effect. 

The  President.  We  would  like  to  hear  from  Mr.  C.-E.  A. 
Winslow. 

Mr.  C.-E.  a.  Winslow.  I  have  no  doubt  many  members  of 
the  Association  read  this  morning  an  editorial  in  the  Herald  on 
the  typhoid  epidemic  which  has  just  broken  out  in  Ithaca,  where, 
out  of  a  population  of  13  000,  there  are  now  said  to  be  340  cases 
of  the  disease.  I  notice  that  the  writer,  after  speaking  of  simi- 
lar experiences  in  Philadelphia  and  Chicago,  adds:  "But  yet  it 
seems  quite  impossible  to  make  the  people  careful  to  drink  no 
water  which  has  not  been  boiled."  I  think  such  things  ought  to 
make  us  glad  that  we  live  in  New  England.  It  is  an  excellent 
thing,  an  admirable  thing,  that  the  necessity  for  boihng  polluted 
water  should  be  put  before  the  pubhc,  but  it  seems  discour- 
aging that  in  some  of  our  great  cities  the  inhabitants  must  be 
continually  on  their  guard  to  protect  themselves  lest  the  consti- 
tuted authorities  should  neglect  to  do  so. 

I  think  we  may  pride  ourselves  on  having  passed  that  stage 
in  this  part  of  the  country.  Of  course,  eternal  vigilance  is  the 
price  of  health,  as  the  New  Haven  epidemic  warned  us  a  year 
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or  two  ago;  but  if  you  look  over  the  statistics  of  typhoid  fever  in 
Massachusetts  you  will  find  that  in  practically  every  city  and 
town  the  typhoid  death-rate  runs  as  low  as  it  does  in  communi- 
ties where  we  are  certain  that  the  water  is  absolutely  pure  —  in 
communities,  for  instance,  where  the  water  is  taken  from  driven 
wells  and  where  there  can  be  no  possible  contamination.  And  I 
feel  that  we  have  a  right  to  draw  from  this  the  conclusion  that 
very  little  typhoid  fever  in  Massachusetts  comes  from  our  public 
water  supplies. 

Having  obeyed  the  scriptural  injunction  to  cast  out  the 
beam  from  its  own  eye,  the  New  England  Water  Works  Associ- 
ation is  now  reforming  the  country  at  large.  The  great  work  of 
the  National  Government  under  the  Hydrographic  Survey,  in 
the  study  of  the  pollution  of  rivers,  is  in  charge  of  Mr.  Newell^ 
Mr.  Pressey,  and  Mr.  Leighton,  all  trained  in  Boston;  the  new- 
water  supply  for  New  York  is  being  studied  by  Mr.  Whipple,  that 
of  Philadelphia  by  Mr.  Knowles  and  Mr.  De  Berard  of  this 
Association;  the  experiments  for  the  water  supply  for  Harris- 
burg  are  in  the  immediate  charge  of  Mr.  Hyde;  and  we  have 
heard  to-day  of  the  great  work  in  New  Orleans  under  Mr.  Weston's 
able  charge.  I  think  that  all  the  members  of  the  New  England 
Water  Works  Association  have  a  right  to  feel  proud  of  these 
things. 

The  President.  We  would  like  to  hear  from  a  Massachu- 
setts man  who  Hves  up  towards  the  New  Hampshire  Hne  —  Mr. 
ColHns,  of  Lawrence. 

Mr.  Michael  F.  Collins.  Mr.  President,  I  did  not  expect  to 
be  called  on  to  make  any  remarks  to-day,  but  I  will  say  this  with 
regard  to  pure  water,  that  in  following  up  the  typhoid  statistics 
of  the  city  of  Lawrence  for  the  year  1901  I  found  five  cases  on  one 
springrwater  route,  all  traceable  directly  to  that  one  spring.  Of 
course  it  would  n't  do  to  give  the  name;  if  I  did  I  would  get  my- 
self into  trouble.  When  we  come  to  find  out  how  much  typhoid 
fever  there  is  in  what  they  term  pure  spring  water,  and  then  com- 
pare it  with  our  filtered  water  in  the  city  of  Lawrence,  I  feel  that 
our  city  has  reason  to  be  proud  of  its  filter.  Last  year  we  figured 
up  our  typhoid  death-rate,  estimating  our  population  at  500 
below  what  the  State  Board  did,  and  found  it  to  be  1  in  5  700.  I 
think  you  will  agree  with  mc  that  is  a  pretty  good  showing,  and 
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that  we  get  good  results  from  purification,  considering  we  take 
the  polluted  water  of  the  Merrimac  River.  In  the  year  1902, 
in  a  population  as  estimated  by  the  State  Board  of  Health  of 
69  000.  and  as  figured  by  us  of  68  500,  we  had  12  deaths.  So  I 
agree  with  what  Mr.  Winslow  says  —  Massachusetts  has  reason  to 
feel  proud  of  its  low  typhoid  fever  death-rate,  and  especially  so 
in  Lawrence,  considering  our  supply.  At  the  present  time  our 
consumption  of  water  has  reached  the  capacity  of  our  filter,  but 
probably  by  another  year  we  will  have  an  addition  to  it,  so  we 
will  feel  a  little  easier  than  at  the  present  time.  If  our  Presi- 
dent had  informed  me  he  was  going  to  call  on  me  I  would  have 
had  some  figures  to  present,  but  I  am  unprepared  to  say  anything 
further  at  the  present  time. 
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A   LITTLE  TALK  ABOUT  WATER   RATES. 

BY    JOHX    C.    CHASE,    C.E.,    DERRY,    X.  H. 
[Read  March  11,  1903.] 

Yielding  in  a  thoughtless  moment  to  the  solicitation  of  our 
efficient  Secretary,  I  consented  to  be  responsible  for  a  paper  to  be 
presented  at  one  of  the  winter  meetings  of  the  Association.  His 
sugar-coated  privilege  of  selecting  any  subject  of  the  many  on 
which  it  was  assumed  I  could  speak  with  authority  seemed  to 
render  the  task  an  easy  one,  but  the  sober  second  thought  "in 
the  cold,  gray  dawn  of  the  morning  after  "  caused  grave  doubts 
of  my  being  able  to  present  anything  of  interest  or  value  upon 
any  topic.  The  late  experience  of  that  body  of  investigators 
known  as  the  Committee  on  Private  Fire  Service  —  to  curtail 
their  title  somewhat  —  suggested  that  something  about  water 
rates  might  be  a  novelty,  hence  the  subject  announced  on  the 
program  of  the  day. 

Next  to  a  congestion  in  the  supply  caused  by  frozen  hydrants 
or  a  limited  rainfall  there  is,  perhaps,  no  feature  of  water-works 
management  that  gives  the  average  superintendent  more  con- 
cern than  the  one  of  water  rates. 

That  they  are  a  proper  and  legitimate  charge  goes  without  say- 
ing, whatever  our  socialistic  friends  may  hold.  That  they  should 
be  ecjuitably  assessed  on  those  benefited  needs  no  argument. 
How  the  charge  should  be  adjusted  is  apparently  a  question  not 
easily  answered,  and  one  upon  which  widely  divergent  views  are 
held,  if  the  methods  in  vogue  are  any  criterion. 

Probably  a  great  degree  of  the  irregularity  in  the  manner  of 
assessing  water  rates  is  due  to  the  fact  that  in  the  infancy  of  the 
business  there  was  no  simple,  cheap,  and  efficient  way  of  measur- 
ing with  approximate  accuracy  the  quantity  of  water  used  by  the 
individual  consumer.  At  the  outset  we  are  confronted  with  a 
condition  appertaining,  perhaps,  to  no  other  line  of  business,  and 
conditions,  like  thegries,  are  not  easily  gainsaid. 
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A  goodly  number  in  the  average  community  are  benefited 
only  in  an  indirect  manner  by  a  public  water  supply.  They  may 
have  undeveloped  property  on  the  lines  of  mains  where  no  use  of 
water  is  made,  or  they  may  be  outside  of  the  limits  of  the  pipe 
system  and  get  only  an  indirect  benefit  from  the  existence  of  a 
water-works  system  in  the  municipality  to  which  they  belong. 

Now  how  can  the  burden  be  adjusted  so  as  to  be  equitably 
borne  by  those  benefited?  The  estabUshing  of  a  proper  schedule 
predicates  the  determination  of  the  amount  of  revenue  required. 
This  should  be  sufficient  to  pay  the  expense  of  operation  and 
management,  interest  charges  on  the  capital  invested,  and  create 
a  sinking  fund  to  cover  depreciation  of  the  plant  and  maturing 
interest-bearing  obligations. 

The  amount  necessary  to  be  raised  having  been  ascertained,  it 
is  next  in  order  to  settle  what  proportion  shall  be  paid  by  the 
municipality  as  a  whole,  through  the  agency  of  the  general  tax 
levy.  This  compensates  for  hydrant  service,  and  secures  a  con- 
tribution from  those  who  are  non-users  of  water  but  nevertlieless 
benefited  to  a  greater  or  less  extent  by  the  existence  of  the 
system. 

What  this  proportion  should  be  will  vary  in  different  communi- 
ties and  at  different  times  in  their  history,  and  no  hard-and-fast 
rule  for  determining  it  can  be  given.  Inasmuch  as  the  cost  of  a 
system  to  furnish  efficient  fire  protection  is  largely  in  excess  of  the 
cost  of  one  that  would  be  of  ample  capacity  for  domestic  supply 
alone,  it  would  appear  that  a  liberal  portion  of  the  amount  of  in- 
come required  should  be  obtained  by  means  of  the  general  tax 
levy.  The  cost  of  additions  to  the  plant  should  be  treated  as  an 
increase  of  capital  invested  and  not  loaded  on  to  the  income  ac- 
count. Probably  there  is  no  better  way  of  adjusting  the  propor- 
tion to  be  paid  under  this  head  than  by  a  hydrant  rental,-  which 
gives  a  tangible  unit  of  measurement. 

For  all  use  of  water  in  public  buildings,  for  street  sprinkhng, 
sewer  flushing  and  public  fountains,  useful  or  ornamental,  the 
municipality  should  pay  the  same  rates  as  any  private  consumer 
for  Hke  service,  the  water  department  being  conducted  strictly 
as  a  business  enterprise. 

Thus  much  for  the  municipality;  now  for  the  individual  consum- 
ers.    How  shall  they  be  assessed?     Again  a  condition  and  not  a 
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theory  confronts  us.  In  one  city  the  family  is  made  the  basis  of 
the  rate,  in  another  the  fixtures,  and  with  these  two  extremes 
there  are  comph cations  and  compromises  galore.  Of  late  years 
the  water  meter  has  been  in  evidence  to  quite  an  extent,  although 
it  is  looked  upon  with  disfavor  by  the  consumer  who  desires  to 
pay  a  fixed  rate  and  have  the  unrestricted  privilege  of  using  all 
that  he  desires,  which  practically  means  that  he  is  willing  to  pay 
only  a  minimum  sum  for  a  maximum  quantity.  It  may  be  safely 
assumed  that  the  consumer  who  objects  to  being  supphed  by  me- 
ter either  knows  that  he  is  using  an  excessive  amount  or  has  his 
suspicions  that  such  is  the  case.  Until  that  millennial  time  when 
the  lion-hearted  seller  of  water  and  the  lambhke  water  taker  are 
led  captive  by  the  innocent  water  meter,  schedule  rates  will  be  in 
use  as  heretofore. 

Looking  upon  them  as  a  necessary  evil  for  the  time  being,  an 
effort  should  be  made  to  have  them  sufficiently  in  detail  to  be 
reasonably  equitable  and  yet  not  so  complicated  as  to  be  unduly 
troublesome  to  adjust  in  actual  use.  From  an  equitable  point 
of  view  it  would  appear  to  be  necessary  to  take  into  account  the 
number  of  rooms,  fixtures  and  persons  on  the  premises  supphed. 
In  some  cities  a  still  finer  distinction  is  made,  and  the  subdivision 
of  "mealers"  and  "roomers"  appears.  The  apphcation  of  the 
personal  numerical  factor  is  comphcated  in  Southern  cities  by  the 
fact  that  the  servants  do  not  usually  reside  on  the  premises,  and 
the  claim  is  also  frequently  made  that  the  rate  should  take  cogni- 
zance of  the  fact  that  the  family  washing  is  not  done  "on  the  lot," 
to  use  the  provincial  term.  The  non-use  for  drinking  purposes 
of  the  water  supplied  has  also  been  the  basis  of  a  claim  for  rebate 
in  the  speaker's  experience,  and  possibly  may  not  be  an  uncom- 
mon experience  in  sections  of  the  country  where  water  cuts  no 
figure  as  a  beverage. 

Until  the  respected  head  of  Harvard  University  and  his  follow- 
ers have  met  with  a  pronounced  degree  of  success  in  their  cam- 
paign for  larger  families,  it  may  be  as  well  to  pay  no  attention  to 
this  factor  in  establishing  the  domestic  water  rate,  for  at  the 
present  time  the  average  American  family  rarely  exceeds  the 
limit  usually  established  by  water  departments.  The  number  of 
rooms  in  the  house  may  also  be  ignored.  Whik;  it  is  true  that 
more  water  would  ^naturally  bo  usodin  taking  care  of  a  large 
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house  than  a  small  one,  yet  the  inequality  is  corrected  to  a  great 
extent  by  the  proportionate  amount  of  the  general  water  tax  paid 
by  the  larger  establishment.  That  a  charge  should  be  made  for 
duplicate  fixtures  appears  to  be  beyond  dispute,  for  it  is  certain 
that  they  facilitate  the  use  of  an  increased  quantity  of  water,  to 
say  nothing  about  the  chance  of  leakage,  which  is  responsil)le  for 
the  loss  of  a  large  proportion  of  the  water  supplied  in  the  average 
city. 

The  simplest  schedule  rates  that  I  have  seen  are  given  as  a  mat- 
ter of  personal  experience.  A  basis  charge  was  made  for  the  ini- 
tial fixture  of  each  class  for  a  family  of  five  persons.  Additional 
fixtures  were  charged  from  one  to  two  dollars  per  year  according 
to  the  class.  For  each  person  in  the  family  in  excess  of  five,  ten 
per  cent,  was  added,  which  made  the  rate  elastic  enough  to  cover 
the  case  of  boarding  houses.  For  all  other  consumers  meters 
were  rec^uired,  with  a  mimimum  charge  of  ten  dollars  or  more  per 
year,  according  to  the  size  of  the  meter  used,  and  any  schedule 
water  taker  could  have  a  meter  if  that  method  of  payment  was 
preferred.  The  water  company  supplied  the  meters  and  kept 
them  in  repair,  the  consumer  paying  the  initial  cost  of  setting  and 
boxing.  At  the  present  time  about  two  thirds  of  the  services  are 
metered,  being  practically  all  whose  annual  rate  would  exceed 
the  mimimum  meter  rate. 

The  custom  in  some  places  of  not  permitting  the  use  of  meters 
on  residence  services  is  condemned  as  an  arbitrary  exercise  of  an 
assumed  right  to  oblige  one  person  to  help  make  good  the  loss 
occasioned  by  the  willful  or  negligent  acts  of  another. 

There  is  another  class  of  customers  whose  rates  and  privileges 
have  received  an  inordinate  amount  of  attention  in  the  past  few 
months.  It  is  hardly  necessary  to  say  that  reference  is  made  to 
the  "  fire  service  "  rates.  Notwithstanding  the  more  than  am- 
ple consideration  of  this  subject,  it  is  still  unsettled  and  can  hardly 
be  ignored  at  the  present  time,  although  any  allusion  to  the  mat- 
ter may  prove  to  be  an  apple  of  discord.  As  premised  at  the  out- 
set, the  supplying  of  water  for  fire  purposes  is  made  a  function  of 
the  municipality,  and  the  proper  proportion  of  the  water  depart- 
ment expense  met  by  general  taxation.  The  regular  fire  depart- 
ment stands  ready  to  flood  the  premises  of  the  individual  con- 
sumer should  occasion  arise  and  the  supply  be  sufficient,  and  the 
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actual  loss  from  the  water  used  often  exceeds  that  caused  by  fire, 
because  of  the  necessarily  inefficient  and  often  tardy  way  in  which 
it  is  used.  Now  if  the  consumer  chooses  at  his  own  and  not  in- 
considerable expense  to  equip  his  establishment  with  the  means 
of  more  quickly  and  efficiently  using  the  self-same  fluid  that  be- 
longs to  him  by  right,  why  should  he  be  obliged  to  pay  for  the 
privilege,  especially  as  he  is  more  than  Ukely  to  reduce  the  actual 
consumption  of  water  to  a  large  extent?  The  only  answer,  to  my 
mind,  that  carries  any  weight  is  that  he  cannot  be  trusted  to  make 
no  illegitimate  use  of  the  opportunity  to  divert  the  water  for  other 
purposes.  Granted;  but  I  am  incUned  to  consider  it  an  insult  to 
our  American  intelligence  if  some  means  cannot  be  devised  by 
which  those  who  are  disposed  to  "tote  fair"  may  be  relieved 
from  the  system  of  double  taxation  to  which  they  are  now  suljject 
in  many  cases.  As  a  matter  of  course,  the  consumer  would  be 
required  to  pay  any  extra  expense  incurred  by  the  water  depart- 
ment in  giving  him  the  desired  facilities  and  the  installation  and 
inspection  of  any  apparatus  designed  to  prevent  or  detect  the 
unlawful  use  of  water.  Inasmuch  as  the  actual  use  of  water  for 
the  extinguishing  of  fires  in  a  manufacturing  establishment 
would  be  but  a  small  proportion  of  the  total  amount  used  in  a 
term  of  years,  it  would  work  no  hardship  if  the  whole  supply  were 
taken  through  a  meter,  thus  entirely  eliminating  the  inspection 
feature.  Of  course,  this  idea  will  not  meet  with  the  approval  of 
the  insurance  companies,  but  "that  is  another  story,"  and  hav- 
ing enough  "troubles  of  my  own,"  I  pass  their  grievance  by. 

But  I  imagine  some  representative  of  a  water  company  saying, 
"That  course  of  reasoning  is  all  very  well  where  the  water  works 
are  owned  by  the  municipality,  but  we  are  in  the  business  for 
profit,  not  pleasure  or  health."  The  fundamental  principle  is  the 
same.  When  a  water  company  contracts  with  a  municipality  to 
fufiiisl)  walci-  for  fire  purposes  it  stands  in  exactly  the  same  rela- 
tion to  the  c(Misumer  as  a  municipal  water  department. 

As  before  stated,  the  water  department  should  be  conducted  as 
a  business  enterprise.  Churches  and  eleemosynary  institutions 
should  pay  the  proper  charge  the  same  as  any  other  consumer. 
Those  who  buy  water  by  the  thousand  gallons  and  sell  it  by  the 
quart,  like  the  rectifier,  brewer  and  the  dispenser  of  "soft  drinks," 
or  the  manufacturer  who   reduces  his  insurance  by  the  introduc- 
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tion  of  a  sprinkler  system,  are  all  on  the  same  plane  with  the  ordi- 
nary consumer.  It  is  water  alone  as  a  raw  material  with  which 
we  have  to  deal, and  while  it  may  be  considered  a  privilege  to  have 
it  at  our  disposal,  the  only  measure  of  its  value,  under  existing 
conditions,  is  the  quantity  actually  or  presumably  used. 
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FUEL:  WHAT  WE  DON'T  KNOW  ABOUT  IT. 

BY  EDWARD  ATKINSON,   LL.D.,    PH.D.,    PRESIDENT    BOSTON    MANU- 
FACTURERS   MUTUAL   FIRE   INSURANCE    COMPANY. 

[Read  March  11,  1903.] 

Gentlemen,  —  I  claim  no  exact  knowledge  of  any  of  the  physi- 
cal sciences.  My  attention  has  been  called  to  what  may  be  called 
the  principles  of  combustion  only  since  it  became  my  profession 
to  make  the  prevention  of  loss  by  fire  an  applied  science.  What 
I  may  say  to  you  will  therefore  be  the  result  of  observation  coupled 
with  such  smattering  of  science  as  one  must  pick  up  who  is 
obliged  to  select  scientific  experts  in  all  branches  of  physical 
sciences,  and  who  must  make  an  effort  to  understand  their 
work  in  order  that  he  may  make  it  plain  to  the  managers  of  the 
factories. 

Perhaps  the  greatest  waste  of  a  wasteful  people  is  the  waste  of 
fuel.  Certainly  the  most  wasteful  example  of  modern  mechan- 
ism is  the  steam  plant,  consisting  of  boiler  and  engine.  The  best 
results  claimed  in  this  country  for  the  most  perfect  boiler  and  en- 
gine plant  is  the  conversion  of  less  than  twelve  per  cent,  of  the 
potential  of  the  coal  into  work.  A  little  more  is  claimed  in  Great 
Britain,  but  I  have  seen  no  evidence  to  convince  me  of  the  fact. 
The  locomotive  and  marine  engines  are  far  more  wasteful,  and 
yet  in  the  marine  engine  a  cube  of  the  compressed  and  dried  mud 
which  we  mis-call  bituminous  coal,  which  will  pass  through  a  ring 
of  the  size  of  a  quarter  of  a  dollar,  will  drive  one  ton  of  cargo  and 
its  proportion  of  the  steamer  one  mile  upon  its  way  by  the  con- 
version of  only  five  or  six  per  cent,  of  the  potential  of  that  little 
cube  into  the  work. 

It  is  computed  that  out  of  250  000  000  tons  of  bituminous  coal 
mined  last  year  85  000  000  were  consumed  in  locomotive  boilers 
on  railways,  in  which  not  over  five  to  six  per  cent,  of  the  potential 
is  converted  into  work,  or  about  5  000  000  tons. 

Compare  this  waste  with  the  turbine  wheel,  which  Boyden 
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carried  to  such  perfection  as  to  utilize  more  than  ninety  per  cent., 
I  believe  ninety-five  per  cent.,  of  the  potential  of  the  water  in  a 
wheel  of  so  fine  a  character  that  in  order  to  keep  it  up  to  its  work 
the  guides  needed  to  be  often  scoured  with  a  crash  towel  to  re- 
move the  slime  left  by  the  water. 

The  electric  dynamo  is  another  example  approaching  perfec- 
tion. More  than  ninety  per  cent.,  I  think,  more  than  ninety-five 
per  cent.,  of  the  power  applied  is  converted  into  work. 

The  generation  of  power  from  coal  is  worked  by  combustion, 
converting  the  gases  of  the  coal  into  what  we  call  heat.  Heat  is 
a  form  of  physical  energy,  said  to  come  directly  from  the  sun.  I 
venture  to  suggest  that  this  is  an  error.  If  the  vibrations  emanat- 
ing from  the  sun  brought  the  energy  of  heat  directly  to  the  earth, 
then  the  tops  of  the  mountains,  especially  in  the  tropics,  where 
the  highest  mountains  are,  would  be  the  hottest  places  in  the 
world  and  the  deep  valleys  would  be  the  coolest  or  coldest.  The 
reverse  happens  to  be  true.  How,  then,  is  heat  generated  from 
the  sun  upon  the  earth?  It  is  of  course  known  that  the  whole 
body  of  the  sun  is  in  a  state  of  intense  incandescence.  The 
photosphere  is  disclosed  by  the  spectroscope,  consisting  of  all 
the  known  substances,  metal,  mineral,  and  the  like,  in  a  gaseous 
condition.  From  this  body  emanate  immense  vibrations  pass- 
ing out  into  the  ether  of  which  we  know  little  or  nothing.  As 
these  vibrations,  undoubtedly  of  intense  heat,  pass  beyond  the 
direct  influence  of  the  incandescence  of  the  sun,  must  they  not 
become  intensely  cold  until  they  approach  the  earth?  Other- 
"^ise  why  would  the  outer  atmosphere  be  cold  and  the  tops  of  the 
highest  mountains,  even  in  the  tropics,  be  covered  with  perpetual 
snow?  It  is  only  when  these  vibrations  come  down  into  the  lower 
atmosphere  or  strike  the  earth  itself  that  heat  is  generated.  How? 
Is  not  the  heat  generated  by  friction,  the  fricton  of  these  vibra- 
tions or  undulations  forcing  their  way  through  the  more  dense 
atmosphere  after  having  passed  through  the  ether?  Where  these 
vibrations  or  undulations  strike  vertically,  as  in  the  tropics,  heat 
may  be  generated  not  only  by  the  friction  of  the  atmosphere  but 
by  the  concussion  with  the  more  solid  earth,  while  in  the  temper- 
ate and  frigid  zones  these  vibrations  striking  at  a  more  and  more 
obtuse  angle  make  less  concussion  or  glance  away  into  space  with- 
out promoting  the  excessive  friction  and  heat  of  the  tropics.     I 
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do  not  know  whether  this  theory  will  stand  among  scientific  men. 
It  may  be  in  the  books,  and  if  so,  I  wish  I  had  the  citation.  So 
far  as  it  goes,  it  is  a  hypothesis  of  my  own;  not  consciously  derived 
from  reading.  From  that  heat  generated  by  the  sun  we  of  course 
derive  the  possibilities  of  life,  the  growth  of  plants,  the  formation 
of  mud  ultimately  converted  into  coal.  The  sun  is  the  primary 
source  of  heat ;  friction  and  concussion  the  secondary  sources. 

What,  then,  is  coal?  Again  I  must  deal  with  my  slight  knowl- 
edge of  geology.  We  live  here  upon  the  spurs  of  the  great  Lauren- 
tian  chain,  called  in  the  United  States  the  Appalachian  chain,  the 
oldest  rib  of  the  continent.  It  consists  of  the  igneous  or  crystal- 
line rocks,  which  have  been  converted  by  heat  into  granite,  gneiss, 
and  the  like.  They  are  without  fossils  or  organic  remains,  but 
contain  potash  and  other  elements  of  fertility  in  very  large  meas- 
ure; the  granite  is  pervaded  with  fossil  water  in  hygroscopic 
form,  which  renders  it  so  bad  a  resistant  against  fire.  The  small 
particles  of  hygroscopic  water,  being  converted  into  steam,  rend 
the  granite  into  sand  ;  so  that  in  the  basement  of  one  of  our  fac- 
tories where  there  were  alternate  oak  and  granite  posts  exposed 
to  a  very  hot  fire,  the  oak  having  been  put  in  to  supplement  the 
granite,  the  latter  were  completely  destroyed,  while  the  oak  were 
carbonized  only  to  the  depth  of  an  inch,  holding  up  the  build- 
ing and  saving  a  large  loss. 

We  know  little  of  the  contour  of  this  primal  continent.  We 
do  know  that  it  was  flanked  on  the  west  by  the  extension  of  the 
Gulf  of  Mexico  as  far  north  as  the  blue  grass  section  of  Kentucky, 
and  that  the  outlet  of  the  St.  Lawrence  was  once  in  that  direction. 
We  know  that  the  ocean  of  that  period  was  of  very  different 
chemical  equality  than  the  present  ocean  —  far  more  corrosive. 
The  authorities  of  the  Boston  Gas  Company  once  consulted  my 
old  friend.  Prof.  T.  Sterry  Hunt,  on  the  expediency  of  making  an 
artesian  well  at  the  North  End  in  order  to  avoid  the  heavy  water 
tax  which  the}-  paid  on  their  steam  plant.  He  told  them  that  in 
this  formation  they  might  strike  water,  but  it  would  be  fossil 
water  of  a  certain  chemical  quality,  which  would  be  utterly  use- 
less for  a  steam  plant  because  of  its  corrosive  quality.  They  were 
not  discouraged.  They  put  down  the  well;  they  struck  the  water, 
and  it  corresponded  in  its  corrosive  action  to  the  theory  of  Pro- 
fessor Hunt.     This  water  ate  away  the  granite  and  the  gneiss 
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until  gradually  a  soil  was  formed.  Then  followed  the  period  of 
the  coal  measures,  when  plant  growth  of  the  most  profuse  kind 
passed  year  by  year  into  partial  decay,  protected  from  total  con- 
version into  gas  by  being  buried  under  water.  This  plant  growth 
consisted  of  the  carbon  and  the  hydrocarbons  derived  from  the 
atmosphere,  and  the  albuminous  or  nitrogenous  elements  derived 
from  the  soil.  Year  by  year,  as  one  plant  succeeded  the  other 
and  the  other  was  buried  in  the  mud,  the  anaerobe  microbes  which 
thrive  in  water,  but  are  killed  by  exposure  to  the  air,  fed  upon 
the  albuminoids,  converting  them  back  in  the  process  of  decay 
into  gases  and  restoring  them  to  the  atmosphere,  while  the  carbon 
remained,  hence  the  will-of-the-wisp,  marsh  gas,  etc.  All  this 
change  to  coal  must  have  taken  place  under  water  in  the  form  of 
mud,  because  when  vegetable  matter  falls  upon  the  surface  of  the 
ground  after  one  set  of  insects  and  microbes,  known  as  aerobes, 
which  pervade  the  air,  have  disposed  of  the  albuminous  and 
nitrogenous  parts  of  the  plant,  another  set  of  microbes  attack 
the  rest  of  the  decaying  mass,  carbon  as  well  as  other  portions , 
and  convert  the  whole  back  into  the  gases  from  which  the  car- 
bon was  originally  derived. 

The  deposits  of  coal  are  not  confined  to  the  carboniferous  se- 
ries or  era.  The  great  deposits  of  that  period,  consisting  of  the 
anthracite,  the  semi-bituminous  and  large  deposits  of  the  bitu- 
minous coal,  were  subjected  to  the  great  disturbance  of  the  shrink- 
age of  the  earth's  crust.  The  anthracite  coals  were  subjected  to 
an  enormous  pressure,  which  rendered  volatile  the  hydrocarbons 
and  left  the  fixed  carbon,  from  ninety-two  per  cent.,  sometimes 
ninety-eight  per  cent,  of  the  whole  volume.  The  semi-bitumi- 
nous coals,  and  the  best  bituminous  coals,  those  known  as 
coking  coals,  were  subjected  to  a  less  measure  of  pressure 
and  to  a  less  degree  of  heat;  they  retained  the  hydrocarbons 
which  are  mis-called  bitumen,  yielding  the  quahties  which  are 
so  well  known.  But  as  we  pass  west  into  the  more  recent 
geologic  periods,  we  still  find  the  process  of  conversion  of 
plant  fife  into  mud  and  then  into  coal,  yielding  the  almost 
level  deposits  of  the  coal  of  the  middle  West,  which  has  been  sub- 
jected to  a  light  pressure,  is  friable,  dirty  and  smoky,  covered 
in  many  places  by  the  loess,  or  wind  formation.  But  not  yet 
the  end.     When  we  reach  the  far  West,  the  youngest  and  vol- 
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canic  section  of  the  country,  here  again  we  find  that  plants  have 
grown  and  decayed  and  have  formed  what  is  known  as  lignite 
or  brown  coal,  which  in  the  volcanic  iiphft  has  been  brought  to 
or  near  the  surface,  the  water  draining  away,  leaving  it  a  friable, 
carbonaceous  material,  containing  twenty-five  to  thirty  per  cent, 
of  water  in  the  hygroscopic  form,  and  when  compressed  into  bri- 
c^uettes  making  a  good  fuel.    Lignite  is  nothing  but  fossil  mud. 

Again,  all  over  the  Southern  states,  Alabama,  Mississippi, 
Louisiana,  and  Texas,  where  for  geologic  ages  must  have  been 
great  mud  lagoons  while  the  water  was  receding,  there  are  im- 
mense lignite  formations  from  which  there  may  be  hereafter 
derived  a  clean,  smokeless  household  fuel,  possibly  or  probably 
without  the  necessity  of  adding  any  tarry  or  bonding  material  to 
the  lignite.  That  is  a  question  of  mechanics.  But  we  have  not 
come  to  the  end  of  the  coal  and  lignite  measures  yet.  We  may 
now  come  back  to  the  modern  period,  the  alluvial,  and  again  we 
find  plants  growing,  decaying,  forming  great,  deep  bodies  of  mud 
protected  by  water  from  the  destructive  organisms  of  the  air 
while  the  anaerobes  are  consuming  the  nitrogenous  portions,  con- 
verting them  into  gas  which  bubbles  up  in  the  bogs,  marsh  gas 
and  the  like,  passing  on  for  conversion  and  reconversion  through- 
out the  ages.  All  things  have  been  gas  —  all  things  will  be  gas. 
That  process  is  going  on  in  Massachusetts  over  great  areas;  and 
here  is  probably  the  first  specimen  of  mud  —  clean  slimy  mud, 
much  more  free  of  fibers  than  peat —  which  has  ever  been  converted 
into  fuel  from  the  mud  of  the  sluggish  Taunton  River,  or  from 
any  other  mud  in  the  United  States,  although  the  peasants  of  Ire- 
land have  been  making  and  burning  mud  briquettes  for  generations. 

This  parcel  represents  mud  fuel  dried  by  Professor  Norton  by 
artificial  heat  and  very  slightly  compressed.  It  has  a  potential 
higher  than  that  of  hardwood  or  the  best  of  peat  fuel.  A  parcel 
of  fifteen  pounds  placed  in  an  open  grate  on  a  brick  floor  out- 
side of  any  fireplace,  and  lighted  with  some  paper,  yielded  a  clear, 
blue  flame  about  a  foot  and  a  half  high,  with  very  little  smoke,  a 
very  strong  heat,  and  burned  out  in  about  an  hour  and  a  half 
leaving  a  considerable  volume  of  very  fine  ash,  of  which  the  pro- 
portion is  larger  than  we  expected.  This  ash  probably  consists  of 
dust  that  has  blown  in  upon  the  surface  of  the  bog,  or  possibly  of 
the  siliceous  coverings  of  the  grass  which  do  not  decay. 
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The  way  in  which  I  happened  to  turn  my  attention  in  this 
direction  may  interest  you.  We  were  at  my  summer  place  at 
Mattapoisett.  on  Buzzard's  Bay,  when  the  coal  strijve  took  place, 
and  although  I  had  fortunately  laid  in  a  full  supply  of  coal  in 
Brookline,  I  began  to  look  around  for  emergency  fuel,  I  went 
out  into  the  woodland  on  my  place,  consisting  of  hardwood,  where 
dead  leaves  and  a  very  vigorous  growth  of  ferns  had  been  decay- 
ing upon  the  top  of  a  glacial  drift;  dug  up  some  sod,  finding  from 
one  to  three  feet  of  black  humus  or  decayed  vegetable  matter 
underneath;  took  the  sod  into  the  kitchen  and  placed  it  in  an 
iron  pan  to  dry  off.  My  Irish  cook  said,  "Are  you  going  to  burn 
it,  sir  ?  "  I  said,  ''I  am  going  to  trj'  to."  "Oh,"  she  said,  "that 
would  make  a  fine  back-fire  if  it  had  been  out  in  the  sun  and  air 
to  dry  awhile."  I  said,  "What  do  you  burn  in  front,  peat?" 
"No,  sir,  not  in  mj'  part  of  the  country.  We  burn  turf.  Turf 
is  the  black  mud,  sir,  that  comes  under  the  sod.  It  is  dug  out  and 
worked  in  a  trough  like  a  bed  of  mortar;  then  made  into  blocks, 
spread  out  in  the  sun  and  air  for  a  few  weeks,  and  when  it  cracks 
it  is  ready  to  burn.     It  makes  a  very  hot  fire," 

This  account  has  been  confirmed  by  two  other  very  intelligent 
Irish  women,  one  of  whom,  hearing  me  talk  about  it  in  the  electric 
car,  asked  leave  to  say  a  word,  saying  that  she  was  so  glad  to  hear 
some  one  talking  about  turf,  "There  's  millions  in  it,  sir,  if  you 
go  at  it  in  the  right  way.  There  's  turf  around  my  place  in  New- 
ton to  heat  the  whole  county,  and  nobody  seems  to  know  anything 
about  it,"  She  also  made  the  distinction  between  turf  and  peat, 
a,nd  this  accounts  for  the  stories  that  have  long  been  told  of  the 
bursting  of  peat  bogs  in  Ireland,  overwhelming  farms  and  val- 
leys. The  peat  bog,  as  we  know  it,  is  in  a  hollow.  The  specific 
peat  plant,  as  we  know  it,  is  the  sphagnum  moss.  None  of  these 
bogs  could  burst  ^and  overwhelm  a  neighborhood,  because  they 
are  always  the  lowest  point  in  that  neighborhood.  In  point  of 
fact,  in  the  very  humid  climate  of  Ireland,  what  has  sometimes 
been  referred  to  as  "grass  peat  "  forms  with  great  rapidity  upon 
the  slopes  of  the  hills,  yielding  both  the  sod  and  the  turf  to  which 
reference  has  been  made,  and  when  after  very  heavy  rain  this 
black  mud  becomes  saturated,  the  sod  bursts  and  the  mud  pours 
down  the  slope  of  the  hill. 

In  Germany,  where  the  greatest  progress  has  been  made  in  the 
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conversion  of  peat  into  briquettes,  the  common  name  is  "Torf.^^ 
A  very  large  part  of  the  smokeless  fuel  of  Germany  is  derived 
from  peat  or  torf,  or  from  lignite  or  fossil  mud,  both  being  con- 
verted into  briquettes,  usually  with  a  sUght  admixture  of  mineral 
tar  or  pitch  to  bond  them.  Consul-General  Mason's  reports  give 
minute  accounts  with  diagrams  and  descriptions  of  the  machinery 
used.  I  observe,  however,  that  the  mechanism  described  is  al- 
most identical  with  mechanism  which  I  invented  in  1867  for  con- 
verting peat  into  briquettes  at  the  Indian  Orchard  Mills.  The 
price  of  coal  in  that  paper  money  era  being  very  high,  we  suc- 
cessfully worked  a  peat  bog  for  many  months  in  a  boiler  plant  of 
mills  of  about  thirty  thousand  spindles,  giving  it  up  when  coal 
went  back  to  normal  prices.  But  what  we  call  peat,  which  is 
verj^  full  of  hollow  fiber  and  of  the  fibers  of  the  grasses  that  grow 
on  the  top  of  the  moss  preserved  in  the  peat,  is  very  much  more 
difficult  to  compress,  and  takes  much  longer  to  dry  than  this 
slimy,  nearly  homogeneous  black  mud  from  the  Taunton  River. 
Professor  Norton  is  now  having  a  small  machine  made  on  my 
original  plan  for  the  conversion  of  the  mud  into  briquettes,  and 
we  shall,  ere  long,  be  able  to  turn  out  a  sufficient  quantity  for  a 
more  complete  test,  with  some  approximation  toward  the  cost  of 
the  work. 

But  there  is  another  aspect  to  this  case,  namely,  the  conversion 
of  meadow  mud  into  gaseous  fuel.  That  is  now  the  direction  of 
all  invention.  The  gas  engine  will,  in  my  judgment,  wholly  dis- 
place the  stationary  steam  engine  within  a  short  period  of  time. 

Recent  inventions  in  the  conversion  of  the  slaty  culm  of  coal 
into  gas,  called  the  Mond  gas  process,  may  tend  to  a  solution  of 
this  question.  It  has  been  necessary  in  Great  Britain  to  utilize 
what  had  been  waste  products  of  the  mines  more  fully  than  we 
have.  In  fact,  the  low  price  of  our  coal  has  retarded  invention 
in  this  country.  By  the  Mond  process,  now  taken  over  and  being 
introduced  in  this  country  by  R.  D.  Wood  &  Co.,  of  Phila- 
delphia, culm,  no  matter  how  slaty  or  dirty,  if  it  contains  a  cer- 
tain quantity  of  coal,  can  be  converted  into  gas.  The  crude 
material  is  subjected  to  a  lower  temperature  than  by  former 
methods,  so  that  the  gas  is  dissociated,  as  I  understand  the  case, 
without  melting  the  refuse  slate  or  other  material,  and  converting 
it  into  slag  or  clinker.  Possibly  this  process  may  be  applied  to 
meadow  mud  even  without  complete  drying.     It  occurs  to  me 
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that  the  mud  ma}'  be  reduced  in  its  water  content  until  what 
remains  becomes  in  a  measure  hygroscopic,  and  not  exceeding 
the  proportion  of  water  recjuired  in  the  manufacture  of  water 
gas  from  anthracite  and  water.  If  this  proves  to  be  feasible 
the  finely  divided  or  hygroscopic  water  combined  in  the  carbon 
of  the  mud  may  be  more  readily  dissociated  and  mixed  with  the 
gases  of  the  carbon  than  it  could  be  by  any  other  process. 

All  this  is  hypothetic.  The  only  claim  which  I  make  is  to  hav- 
ing called  attention  to  what  seems  to  me  a  great  fact,  namely, 
that  the  mud  in  the  fresh  and  salt  water  meadows  as  w^ell  as  the 
peat  in  the  peat  bogs  ma}'  now  be  regarded  as  a  vast  source  of 
energy,  requiring  for  its  conversion  into  heat  mechanical  appli- 
ances rather  than  any  other,  so  as  to  bring  the  material  into  a 
semi-sohd  shape  orinto  gaseous  form,  in  which  it  maybe  converted 
into  heat  and  power.  If  all  this  proves  to  be  delusive,  I  have 
no  scientific  reputation  at  stake,  and  may  have  lost  nothing  in 
repute  for  having  started  in  a  purely  empirical  way  to  develop 
the  subject.  On  the  other  hand,  if  the  cUfficulties  can  be  sur- 
mounted at  a  cost  that  will  relieve  the  increasing  scarcity  of  an- 
thracite coal,  only  to  the  supply  of  household  fuel;  or  if  it  shall 
prove  feasible  to  convert  this  vast  store  of  energy,  or,  as  we  may 
call  it,  coal  in  its  primary  process,  directly  into  heat  without  the 
lapse  of  geologic  ages,  then  I  may  have  added  a  benefit  to  society 
which  will  be  worth  remembering.  I  may  then  receive  a  com- 
pliment similar  to  one  which  I  received  on  the  Aladdin  Oven, 
"So  simple  that  nobody  but  a  fool  would  have  thought  of  it"; 
or  hke  one  given  me  on  his  first  vision  of  the  diffusion  of  Hght 
by  ribbed  glass,  by  a  distinguished  ocuHst,  who  exclaimed,  "Why 
did  not  some  donkey  ever  think  of  that  before  Atkinson?  " 

*  After  I  had  made  this  record  and  thought  that  I  had  come  to 
the  end  of  it,  information  began  to  fall  in  from  every  point.  A 
German  in  Portland,  Ore.,  referred  me  to  Brockhaus  "Conversa- 
tions-Lexicon," the  latest  edition.  As  I  do  not  read  German,  my 
son  looked  up  the  matter,  and  I  am  again  impressed  with  the  fact 
that  our  abundance  of  coal  has  kept  us  very  far  behind  in  the  way 
of  useful  inventions  developed  from  peat,  not  only  in  the  matter 
of  fuel,  but  its  application  to  many  other  purposes. 

There  are  three  varieties  of  peat,  of  "torf,"  as  it  is  called  in 

*  The  following  matter  has  been  added  by  Mr.  Atkinson  since  the  paper  was  read. 
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Germany,  each  varying  greatly  from  the  other,  and  all  applied  to 
useful  purposes  :  — 

The  "heath  moss  turf"  moor  or  highland  peat,  growing  on 
high  uplands,  consists  of  the  partially  decayed  remains  of  the 
heather,  of  broom,  of  cotton  grass,  so-called,  and  varieties  of 
sphagnum  moss  which  require  no  water. 

Then  comes  what  is  sometimes  called  grass  peat,  like  that  made 
from  the  banks  of  Ireland;  the  black  or  dark  brown  peat,  mainly 
decayed  grasses  and  the  weeds  that  grow  among  the  grasses. 

And,  lastly,  the  peat  of  the  regular  peat  bogs  corresponding 
to  our  own,  consisting  chiefly  of  the  sphagnum  moss  and  of  the 
water  plants. 

The  surface  heath  moss  turf  has  very  little  value  for  heating 
purposes.  It  has  great  absorbent  power.  When  saturated  with 
rosin  it  is  converted  into  kindling.  It  is  made  in  various  com- 
pounds into  paper,  carpets,  "  mossturfstone  "  for  partition  walls, 
packing  material,  especially  for  meat  and  drink,  beer  glass  stands, 
carpet  hnings,  fireboards,  sound  dampers,  steam  pipe  coverings, 
boards  for  insect  collections,  stuff  for  bandages,  and  filling  for 
mattresses  and  bed  cushions  for  the  sick.  The  peat  cotton  grass 
yields  fiber  that  is  spun  into  garments  and  horse-blankets.  The 
black  torf  below  is  made  into  fuel. 

The  grass  peat  or  torf  made  from  these  deposits  is  burned  not 
only  in  Ireland,  but  all  over  Holland,  Denmark,  and  many  parts 
of  Germany  and  other  European  countries,  where  it  is  practically 
the  only  fuel.  In  Germany  the  yearly  consumption  is  rated  by 
the  million  tons.  In  agriculture  the  moss  turf  layer  of  the  high- 
land moor  and  the  sod  of  the  grass  turf  layer  occupies  a  very  im- 
portant place.  For  certain  purposes  it  is  thoroughly  dried  and 
ground  into  peat  meal,  which  will  soak  twent^'-five  times  its 
weight  of  moisture.  It  is  then  used  to  take  the  drainings  of  the 
stalls,  to  mix  with  the  straw  refuse  of  the  stables,  and,  when 
mixed  with  a  little  "Kainit,"  one  of  the  products  of  the  Stassfurt 
potash  mines,  it  retains  the  volatile  elements  of  manure.  Its 
further  advantages  are  that  it  assures  a  pure  stall  air  and  healthy 
bed.  It  prevents  animals  from  eating  the  rotten  straw,  it  also 
absorbs  grease  and  gases.  It  is  a  great  deodorizer  in  ditches  or 
barrel  contents.  By  the  addition  of  two  per  cent,  of  sulphuric 
acid  it  becomes  destructive  to  the  cholera  and  typhus  bacilli  with- 
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in  twenty-four  hours.  In  several  German  cities  peat  meal  at  the 
rate  of  about  two  hundred  grams  per  day  for  each  inhabitant  is 
mixed  with  the  collected  sewage.  In  Hamburg  I  observed  that 
disinfectants  were  scattered  on  the  streets  before  the  watering 
carts.  It  is  used  in  composting  the  waste  of  the  sugar  factories 
and  the  refuse  of  slaughter  houses,  and,  as  I  have  previously  said, 
for  packing  eggs,  meat,  fruit,  and  the  like.  It  is  said  that  sea  fish 
packed  in  peat  meal  have  been  found  still  good  after  eighteen 
days. 

Shortly  after  my  mind  had  been  turned  toward  the  discovery 
of  an  emergency  fuel,  and  I  had  made  my  first  experiments  on 
turf,  I  happened  to  make  a  tour  of  observation  in  the  West  among 
the  great  agricultural  tool  works  and  others  which  we  insure.  On 
my  way  I  observed  the  enormous  waste  of  corn  stalks,  on  which 
Professor  Norton  had  already  measured  the  heat  units  for  me 
with  a  view  to  compressing  the  corn  stalks  for  fuel.  With  each 
crop,  approximating  seventy  million  tons  of  shelled  corn,  there 
are  at  least  one  hundred  million  tons  of  stalks,  leaves,  and  cobs, 
of  which  not  over  one  half  is  yet  shredded  or  saved  in  any  other 
way  for  fodder;  the  rest  encumbers  the  field.  It  occurred  to  me 
that  there  would  be  no  difficulty  in  compressing  this  material  im- 
mediately after  shelling  the  corn,  which  is  now  done  by  machin- 
ery without  removing  the  ear  from  the  stalk.  At  that  jDeriod  the 
saccharine  is  not  fully  dry  and  might  therefore  serve  as  a  bond, 
but  on  further  reflection  it  seems  that  sorghum,  which  is  more 
reedy,  and  contains  a  larger  measure  of  saccharine,  could  be 
grown  for  fuel  at  very  light  cost.  On  good  land  it  will  produce 
ten  to  fifteen  tons  dry  weight  per  acre  at  a  cost  of  only  one  dollar 
to  one  dollar  and  a  half  per  acre  for  the  planting.  If  then  a  cheap 
and  effective  press  for  farmers'  use  could  be  made,  every  farmer 
could  grow  his  own  fuel  on  one  or  two  acres  of  land  out  of  a  farm 
of  one  hundred  and  sixty  acres ;  and,  if  the  ashes  were  saved  and 
spread  upon  the  field  for  the  next  growth  of  leguminous  or  nitro- 
gen-gathering plants,  the  farm  could  be  improved  by  the  process.* 

*  Since  this  was  sent  to  tlie  press  a  Western  machinist  of  large  capital  has  presented 
plans  of  a  very  siniple  press  for  making  a  cylindrical  bale  of  cotton  by  rolling  laps,  dif- 
fering from  the  presses  now  in  existence,  and  capable  of  being  made  on  a  small  scale  for 
farmers'  use  in  rolling  sorghum  stalks  into  logs,  say  four  feet  long  by  eight  inches  diam- 
eter. On  calling  the  attention  of  the  inventor  and  promoter  to  this  great  field,  he  became 
much  Interested,  and  said  he  would  take  the  subject  up  and  work  it  out  to  test  its  feasi- 
bility as  soon  as  the  present  crop  of  sorghum  should  be  in  condition. 
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This  project  appeared  to  be  a  very  simple  one  to  several  of  our 
Western  clients,  who  will  take  it  up.  One,  the  head  of  a  large 
agricultural  toolshop  in  Rockford,  111.,  goes  further.  A  box  is 
on  the  way  containing  the  roots  of  the  corn  plant,  which  are  now 
an  absolute  waste  and  encumbrance,  his  computation  being  that 
the  roots  from  five  acres  of  corn  might  serve  for  a  year's  stock  of 
fuel  for  the  average  farmer  and  that  these  could  be  piled  away 
after  harvesting,  to  be  worked  up  during  the  winter  months  by 
cutting  and  compression. 

Whether  these  visionary  suggestions  of  growing  fuel  in  the 
West  and  working  mud  in  the  East  may  become  burning  facts 
is,  therefore,  a  merely  mechanical  problem.  At  the  present  time 
my  scientific  friends  are  more  sanguine  of  success  than  I  am. 

Since  compiUng  this  information  from  pubhc  documents,  others 
have  been  sent  to  me  by  Consul-General  Mason,  of  Berlin,  —  one 
describing  a  very  recent  invention  of  the  Zeigler  apparatus  for 
converting  certain  varieties  of  peat,  especially  that  from  the  peat 
moor,  into  coke  and  many  secondary  products.  The  extent  of 
these  peat  moors  in  Friesland,  Sweden,  Germany,  and  other  parts 
of  Europe  is  something  of  which  we  have  probably  little  idea.  In 
Friesland  colonies  have  been  planted  on  the  peat  moors  as  far 
back  as  the  fourteenth  century,  to  clear  arable  land  from  the  en- 
cumbrance of  this  peat,  while  in  Germany  the  work  has  also  been 
undertaken  for  the  recovery  of  the  land,  which  has  now  appar- 
ently become  of  secondary  importance  to  the  conversion  of  the 
peat. 

The  Zeigler  process  was  invented  in  1895  by  one  of  the  emi- 
nent German  chemical  engineers.  It  has  been  thoroughly 
investigated  on  behalf  of  the  Russian,  Swedish,  and  German  gov- 
ernments; has  been  approved,  and  is  now  coming  into  work  in 
various  places. 

The  peat  moor  yields  machine  peat,  that  is,  briquettes,  from 
which  are  derived :  — 

Coke,  for  use  in  metallurgy,  equal  to  charcoal. 

Heating  coke,  which  gives  flame,  and  from  which  all  the  hydro- 
carbons have  not  been  driven  off. 

Crude  tar,  from  which  are  derived:  impregnating  tar,  paraffin 
and  gasolene,  tar  water,  yielding  ammonium  sulphate,  methyl 
alcohol,  and  other  products. 
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Volatile  products:  power  gas,  lighting  gas,  and  heating  gas. 

Secondary  products:  peat  straw,  peat  meal,  and  peat  wool  — 
leaving  the  land  in  excellent  condition  fqr  cultivation.  The  peat 
meal  mixed  with  the  molasses  of  the  beet  sugar  factories  makes 
a  valuable  food  for  cattle.  It  is  also  used  as  a  non-heat  covering 
for  ice  and  as  a  covering  for  compost  heaps  to  save  the  escaping 
ammonia. 

In  the  coking  process  gases  are  thrown  off  from  the  volatile 
hydrocarbons,  which  are  then  used  for  heating  the  ovens,  and 
may  be  used  in  gas  motors. 

The  upper  layer  of  the  moss  peat  is  converted  into  the  straw 
and  meal  to  which  I  have  previously  referred.  It  is  said  that 
from  the  production  of  22  000  tons  of  peat  briquettes,  600  tons 
of  the  wool  fiber  are  yielded. 

Elaborate  figures  are  given  of  the  cost,  but  as  these  are  based 
on  German  wages  and  the  work  is  largely  handwork,  they  may 
be  of  little  service  to  us  until  we  may  substitute  mechanical  proc- 
esses for  the  handwork  of  Europe,  thereby  developing  high  wages 
and  low  cost. 

The  geographers  will  know  whether  we  have  any  of  these  high 
peat  mosses  in  this  part  of  the  country.  We  have  something 
which  must  closely  correspond  to  them  in  Alaska.  I  have  long 
attempted  to  keep  the  track  of  the  developments  of  new  gold 
fields,  anticipating  a  considerable  depreciation  in  gold,  which  I 
think  is  already  manifest.  The  latest  discovery  has  been  at 
Cape  Nome.  From  the  gold-bearing  beaches  rises  a  crest,  then 
a  depression,  and  back  of  that  depression  for  a  distance  of  more 
than  one  hundred  miles  in  length,  and  twenty  or  thirty  miles  wide, 
is  what  is  known  as  "the  tundra,"  corresponding  to  the  tundra 
of  northern  Europe,  —  a  level  plain,  covered  with  two  to  three  feet 
of  the  moss  and  other  plants.  Under  this  for  many  feet  in  depth 
are  sands  corresponding  to  the  sands  of  the  beach,  and  in  sections 
of  great  area,  justified  by  the  geological  reports,  are  great  beds 
of  gold-bearing  sand,  in  which  the  fine  gold  is  held  throughout  the 
mass.  A  large  section  of  this  has  been  taken  up  by  a  company 
of  w^hich  a  large  capitalist  of  high  repute,  well  known  to  many 
of  you,  is  the  chief  promoter.  He  has  been  on  the  ground  all 
winter  with  large  amounts  of  machinery,  ready  to  set  up  this 
spring  and  to  begin  taking  out  and  washing  this  sand  by  scien- 
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tifie  methods.  The  scarcity  of  fuel  is  one  of  the  main  difficulties 
at  this  point,  and  if  the  tundra  can  be  converted  into  fuel  by  the 
process  described,  another  step  will  have  been  taken  in  cheapen- 
ing gold,  or,  in  other  words,  in  raising  general  prices. 

I  have  thus  laid  before  you  the  most  visionary  scheme  that 
could  enter  the  mind  of  a  practical  man.  In  all  these  investiga- 
tions of  peat  and  turf  it  never  seems  to  have  occurred  to  any  one 
that  the  deep  black  mud  of  our  fresh-water  swamps,  by  our  slug- 
gish rivers,  or  of  our  great  areas  of  salt  marsh,  must  be  substan- 
tially of  the  same  composition,  and  may  yield  similar  products. 
I  was  forced  to  make  a  premature  publication  on  this  subject  be- 
cause I  suspected  a  purpose  to  cut  in  with  some  piratical  patents 
that  might  have  been  embarrassing  —  my  own  previous  publi- 
cations of  inventions  in  automatic  sprinklers,  ribbed  and  pris- 
matic glass,  automatic  fire  doors,  and  for  measuring  the  heat 
developed  on  heavy  bearings  having  already  saved  my  clients 
heavy  royalties  and  obstructive  litigation. 

I  will  merely  add  one  more  element  to  the  light  that  I  have 
attempted  to  derive  from  mud.  What  with  lignite,  mud,  corn- 
stalks, sorghum,  bog  peat,  and  moss  peat,  we  may  tide  over  the 
present  period  of  our  ignorance  during  which  we  must  secure 
light  and  heat  from  these  crude  materials,  including  coal,  awaiting 
the  invention  of  the  perfected  storage  battery,  by  which  we  may 
soon  be  able  to  supply  all  our  domestic  fuel  and  light  by  the  stor- 
age of  wind,  especially  on  the  Heath  Hill;  while  other  less  favored 
dwelling  places  will  derive  their  light  and  heat  from  the  fall  of 
water  or  the  rising  of  the  tides. 

I  had  but  completed  this  analysis  of  the  Zeigler  process  when 
in  came  one  of  the  earlier  graduates  of  the  Institute  to  consult 
-me  on  how  his  son,  also  a  graduate  in  chemical  engineering,  now 
taking  a  post-graduate  course  in  Berlin,  could  best  introduce  the 
Zeigler  process  in  this  country.  Surely  all  things  come  to  him 
who  waits. 

ADDENDUM. 

At  the  date  of  correcting  the  proofs  of  the  foregoing,  June  4, 
1903,  I  may  record  additional  progress.  A  little  group  of 
Swedes,  possessing  very  little  money,  have  for  five  years  been 
making  a  physically  strong  coke  from  the  salt  marsh  peat  of  Con- 
necticut, on  one  of  the  channels  subject  to  the  ebb  and  flow  of 
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the  tide.  This  grass  peat,  as  it  may  be  called,  is  spongy,  porous, 
and  full  of  roots  slightly  decayed,  probably  preserved  by  the 
salt,  also  containing  a  large  amount  of  fine  sand  brought  in  by 
the  tide  ;  and  yet  this  material  is  compressed  and  converted 
into  a  physically  strong  coke,  which  burns  freely  for  domestic 
purposes,  and  although  it  contains  thirty  per  cent,  of  sand  its 
heating  value  is  equal  to  sixty-five  per  cent,  of  that  of  good 
bituminous  coal.  Persons  with  capital  have  taken  hold  of  this 
matter  and  will  develop  it. 

Again,  Professor  Norton  has  made  physically  strong  and  ex- 
cellent coke  in  the  laboratory  of  the  Insurance  Engineering 
Experiment  Station  from  uncompressed,  air-dried  Taunton 
River  mud.  Of  course,  the  uncompressed  mud  being  somewhat 
friable,  the  coke  is  delivered  in  small  pieces  from  the  size  of  a 
pea  to  the  size  of  a  walnut.  When  compressed,  as  it  soon  will 
be,  we  expect  to  make  large  blocks  of  excellent  coke  from  this 
mud.  As  yet,  the  retorting  process  has  been  conducted  in  a 
piece  of  iron  pipe,  stopped  at  the  ends,  with  a  vent  for  the 
escape  of  gas.  We  have  tested  this  gas  with  a  gas  burner,  and 
find  it  a  high-power  illuminating  gas,  therefore  capable  of  yield- 
ing all  the  secondary  products  of  gas. 

The  mechanism  for  pulping  this  mud  and  bringing  it  into  con- 
dition for  very  rapid  drying  is  complete.  Retorts  will  soon  be 
adapted  to  our  purposes,  and  within  a  short  time  we  may  be 
able  to  get  an  approximate  estimate  of  converting  fresh  water 
mud  into  coke,  gas,  and  secondary  products. 

We  have  now  examples  of  mud  from  three  points,  representing 
bogs  which,  according  to  our  minimum  estimate  of  tolerably  well- 
known  areas  and  depth,  contain  several  million  tons  of  coke, 
which  may  be  worked  out  from  the  mud  at  a  low  cost  if  the 
estimates  based  on  laboratory  experiments  can  be  estabhshed 
in    commercial  practice. 

Engineers  who  may  have  struck  large  bogs  of  mud  in  connec- 
tion with  the  construction  of  reservoirs  may  perhaps  ere  long 
desire  to  have  such  deposits  analyzed  and  reported  upon.  Meas- 
ures will  be  taken  to  this  end  by  Professor  Norton  at  such  charges 
as  will  reemburse  the  Experiment  Station  for  doing  the  work. 

Professor  Norton  suggests  a  vei}'  simple  plan  for  testing  any 
sample  of  marsh  mud  in  an  improvised  retort  : 
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Select  a  section  of  one  and  a  half  or  two  inch  steam  pipe, 
eight  to  twelve  inches  long ;  fill  in  with  air-dried  mud  as  compact 
as  it  may  be  made;  plug  the  ends  with  clay  or  asbestos  left  loose 
so  that  the  steam  and  gases  may  escape ;  place  underneath  three 
gas  burners,  Bunsen  burners  preferred.  It  might  be  possible  to 
heat  the  contents  of  the  pipe  over  the  fire  in  an  ordinary  cook- 
ing stove,  but  the  gas  burners  may  be  more  readily  managed 
Test  the  burning  quahty  of  the  gas  at  the  ends  when 
escaping, 

I  may  suggest  that  it  would  not  be  a  difficult  matter  to  com- 
press parcels  of  mud  into  cylinders  of  less  diameter  than  the  pipe. 
The  coke  of  these  compressed  parcels  would  be  in  larger  pieces, 
probably  less  friable  than  any  that  can  be  obtained  from  uncom- 
pressed air-dried  mud. 

Any  person  slightly  conversant  with  laboratory  practice  may 
apply  this  test  to  deposits  of  mud  that  happen  to  be  in  the 
neighborhood.  It  is  much  desired  that  the  experts  in  the  Agricul- 
tural Experiment  Stations,  to  all  of  whom  this  report  will  be 
sent,  will  test  the  meadow  mud  or  "grass  peat,"  as  perhaps  it 
had  better  be  called ,  in  their  respective  neighborhood.  We  shall 
be  glad  to  receive  reports  of  results,  and  if  possible  some  idea  of 
the  areas  and  quantity  that  may  be  available  for  future  conver- 
sion, if  the  processes  of  the  laboratory  can  be  developed  in  com- 
mercial practice.  It  is  held  that  the  area  of  what  we  have  called 
mud  bogs  yielding  grass  peat  is  vastly  greater  than  of  what  are 
customarily  known  as  peat  bogs  yielding  the  partly  decayed  mat- 
ter mainly  derived  from  sphagnum  moss  and  the  water  plants 
which' grow  on  the  surface  of  such  bogs. 

Reference  may  also  be  had  to  an  article  in  the  "Nineteenth  Cen- 
tury "  magazine  for  May,  by  Lieut.-Gen.  Sir  Richard  Sankey, 
K.C.B.,  R.E.,  upon  the  conversion  of  the  great  bog  of  Arran 
and  other  Irish  bogs  into  gas  and  electricity  for  restoring  the 
manufactures  of  Ireland,  many  of  which  were  destroyed  by 
the  tariff  policy  of  Great  Britain,  which  prevailed  up  to  1842,  by 
measures  corresponding  to  those  by  which  the  effort  was  made 
to  prevent  the  establishment  of  manufactures,  metal  work,  and 
the  like  in  the  colonies  of  America.  The  suggestions  of  Lieut.- 
Gen.  Sir  Richard  Sankey  are  hmited  to  the  production  of  gas  and 
of  electric    power  therefrom.     He   does  not  yet  appear  to  have 
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realized  the  possibility  of  making  coke  from  the  peat  or  mud 
contents  of  the  bogs. 

DISCUSSION. 

Vice-President  Brooks.  We  have  listened  with  great  pleas- 
ure to  Mr.  Atkinson's  paper,  and  if  any  member  wishes  to  ask  him 
any  questions  I  am  sure  he  will  be  glad  to  answer. 

Mr.  Charles  N.  Taylor.*  I  was  out  at  Lexington  or  at  East 
Lexington  the  other  day,  and  I  noticed  the  pumping  station 
which  was  used,  I  think,  by  Arlington  before  it  came  into  the 
MetropoHtan  District;  it  is  a  very  nice  building,  and  I  remarked 
to  the  superintendent  of  the  Lexington  works  that  it  was  too  bad 
that  such  a  nice  building  should  be  lying  idle  there  without  being 
put  to  some  use.  He  said,  "Well,  they  are  going  to  use  it,  they 
are  going  to  start  a  new  industry  here."  Said  I,  "What  is  it?" 
He  said,  "You  see  this  meadow  all  out  through  here,"  —  that  is 
where  they  had  their  driven  wells,  a  large  area,  I  should  think 
there  may  have  been  twenty-five  acres,  a  peat  bog,  it  looked  like, 
—  "they  are  going  to  cut  that  peat  and  take  it  into  the  pumping 
station  and  press  it  into  briquettes  and  sell  it  for  fuel."  That  is 
the  first  I  had  ever  heard  of  any  such  industry  in  this  part  of  the 
country. 

When  I  was  in  Scranton,  Pa.,  this  winter,  I  ran  across  a  man 
with  sample  briquettes  from  Germany,  and  he  had  these  reports 
of  the  United  States  consul  to  Germany  and  was  circulating  them. 
He  was  organizing  a  company  to  make  briquettes  of  this  fine 
waste  material  which  comes  out  of  the  mines,  and  which  is  piled 
up  mountains  high  in  front  of  the  mines,  and  has  never  been  made 
any  use  of.  But  in  reading  over  the  report  of  the  United  States 
consul  to  Germany  I  thought  he  spoke  rather  discouragi;igly  of 
its  being  a  profitable  scheme  in  this  country,  owing  to  the  expense 
of  the  material  which  had  to  be  put  with  the  peat  or  coal  dust  in 
order -to  bind  it  together, — I  think  it  was  tar  or  something  of  that 
nature. 

Mr.  Atkinson.  I  am  very  glad  to  know  where  that  under- 
taking is  going  on  in  Arlington,  as  I  want  very  much  to  get  some 
of  those  briquettes.  The  conversion  of  coal  dust  into  briquettes 
is  very  common  in  Germany,  but  it  requires  a  bonding  material. 

*  Wellesley,  Mass. 
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There  were  at  one  time  some  very  large  undertakings  in  Virginia 
for  converting  coal  dust  into  briquettes,  but  for  some  reason  or 
other  they  thought  it  necessary  to  put  a  httle  hght  naphtha  or 
kerosene  oil  into  the  mixture,  and  on  the  rise  in  the  price  of  naph- 
tha their  profits  went  out.  I  have  come  across  various  under- 
takings for  getting  up  and  introducing  companies  of  the  get-rich- 
quick  kind  in  connection  with  this  matter.  Now,  why  I  have 
come  out  prematurely  is,  that  I  want  to  cut  off  all  that  sort  of 
rubbish.  Mr.  Norton  and  his  assistant  and  myself  are  convinced 
in  our  own  minds  that  we  can  convert  this  mud  into  briquettes  of 
sufficient  hardness  and  durability  to  be  excellent  fuel,  by  a  purely 
mechanical  process,  and  there  is  the  crucial  point.  If  we  can, 
why  then  we  have  done  it.  If  it  requires  a  bonding  material, 
there  is  more  refuse  material,  tank-bottoms  and  the  like,  in  this 
country  than  in  any  other,  and  we  may  be  able  to  get  a  bonding 
material  which  is  now  wasted,  at  such  an  exceptionally  low  cost 
that  we  will  be  able  to  use  it. 

The  main  object  in  bringing  this  subject  before  you  gentlemen 
is  to  set  you  all  thinking  about  it,  and  to  get  lots  of  heads  at  work. 
I  am  nothing,  as  I  tell  you,  but  a  "duffer,"  but  I  want  to  see  if  I 
can't  cut  off  some  of  these  piratical  bottom  patents  on  the  con- 
version of  mud.  I  have  had  to  meet  these  piratical  patents  three 
or  four  times,  and  I  have  saved  my  clients  a  lot  of  money  on 
sprinklers  by  having  made  an  invention  and  publishing  it  a  year 
before  a  patent  was  granted  on  one  little  element  which  went  in- 
to all  sprinklers.  I  smashed  one  piratical  patent  on  the  diffusion 
of  light,  and  I  am  engaged  to-day  in  smashing  another  because 
I  anticipated  it  and  published  it.  I  have  found  in  my  practice 
that  neither  expediency  nor  the  conditions  of  my  profession  will 
permit  me  to  have  any  patent,  and  therefore  we  are  very  careful 
in  the. office  to  publish  every  little  device.  I  invented  the  sliding 
automatic  fire  door  which  is  now  in  universal  use,  and  published 
it  and  got  a  silver  medal,  and  had  it  put  on  record,  or  else  I  would 
have  been  cut  off  on  that.  I  invented  the  proper  way  of  taking 
the  heat  of  a  revolving  shaft  in  the  simplest  possible  manner  and 
pul)]ished  it,  and  two  years  later  a  fellow  came  in  with  a  patent 
on  it  and  I  "busted"  that.  My  object  now  in  this  premature  dis- 
cussion is  to  cut  off  these  get-rich-quick  fellows,  and  start  one 
thing  on  a  solid  basis-of  science  and  fact  which  has  some  merit  in 
it,  perhaps. 
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Mr.  Freeman  C.  Coffin.*  I  don't  know  that  Mr.  Atkinson^is 
aware  how  appropriate  this  subject  is  for  a  meeting  of  water- 
works men.  If  we  will  just  let  our  imagination  loose  for  a  few 
minutes  we  will  see  what  can  be  done  and  what  boundless  possi- 
bilities are  open  to  the  water-works  engineer,  and  how  it  will 
change  the  conditions  under  which  he  has  got  to  work.  We  now 
go  about  the  country  looking  for  a  storage  reservoir,  and  we  find 
a  very  nice  place,  well  adapted  in  every  way,  but  the  mud  is  all 
the  way  from  a  foot  deep  to  twenty  feet  deep,  and  when  we  find 
it  twenty  feet  deep  that  rather  discourages  us.  We  cannot  take 
it  out  at  any  reasonable  cost,  and  we  don't  dare  to  store  water  on 
top  of  it.  All  we  have  got  to  do  hereafter  is  to  set  up  one  of  these 
little  mxachines,  —  perhaps  we  will  be  able  to  do  it  next  year,  — 
make  the  mud  into  fuel,  store  up  all  the  fuel  the  works  will  want 
to  use  to  pump  water  v/ith  for  years  to  come,  and  sell  tlie  bed- 
ance  for  enough  to  build  the  works.     [Laughter.] 

Mr,  Atkinson.  You  are  a  more  visionary  fellow  than  I  am. 
[Laughter.] 

Mr.  Coffin.  I  am  looking  forward  to  the  time  when  we  can 
build  water  works  for  very  much  less  cost  than  at  present,  and  this 
is  right  in  that  direction.  And  then  when  we  get  so  that  by  imitat- 
ing Marconi  we  can  construct  our  distribution  system  on  the  pipe- 
less  plan  [laughter], —  I  don't  see  what  there  is  to  laugh  at;  it  seems 
to  me  it  is  a  very  serious  matter.  But  certainly  it  is  going  to  help 
us  on  our  storage  basins  if  mud  fuel  turns  out  as  we  hope  it  will. 

Mr.  Atkinson.  My  little  machine  which  I  used  at  Indian 
Orchard  and  afterwards  turned  over  to  the  late  N.  W.  Farrell, 
and  which  he  used  for  two  years  down  at  Lewiston,  was  a  very 
simple  one;  anybody  can  have  it  made.  It  consisted,  as  I  re- 
member it,  of  a  large  cylinder  about  two  feet  in  diameter,  with 
a  spiral  alternating  little  plow  shears  and  httle  knives  on  the 
straight  sides,  and  it  had  a  hopper  at  the  inner  edge.  Then  at 
the  other  end  v/as  an  Archimedian  screw  without  any  knives  or 
plow  shears,  and  we  put  in  an  endless  belt,  and  brought  up  the 
peat  from  the  bottom  of  the  bog,  poured  it  into  the  hopper,  turned 
the  machine,  and  that  ground  it  and  pulped  it  and  released  the 
water.  Then  the  Archimedian  screw  drove  it  through  a  three- 
cornered  orifice.   I  thought  it  would  dry  a  little  quicker  in  the  tri- 

*  Civil  Engineer,  Boston,  Mass. 
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angular  form  than  in  a  square;  and  that  I  had  arranged  so  that 
the  two  top  sides  had  a  possibiHty  of  expansion  in  case  a  bit  of 
root  got  in,  or  something  too  big;  that  delivered  on  an  endless 
belt,  and  the  peat  was  carried  off  and  dried  in  the  usual  way.  A 
most  excellent  steam  fuel  was  produced.  It  was  excellent  to  have 
in  the  house  before  I  produced  the  Aladdin  Oven,  because  it  is 
the  quickest  breakfast  fuel  the  cook  can  possibly  have,  and  is  just 
as  good  for  broiling  over  as  charcoal. 

Vice-President  Brooks.  Does  anybody  else  want  to  ask 
Mr.  Atkinson  a  question? 

Mr.  Chase.  I  will  saj^  that  there  is  a  chance  now  for  fools  to 
rush  in  where  angels  fear  to  tread. 

Mr.  Atkinson.  If  there  is  any  bigger  fool  than  the  man  who 
invades  the  domestic  kitchen,  I  should  Uke  to  have  somebody  find 
him  for  me.  I  want  to  say  right  on  that,  that  through  the  long 
period  of  experiment  in  developing  the  Aladdin  Oven,  beginning 
in  the  most  complex  way,  as  roundabout  as  all  the  scientifi- 
cusses  do,  as  well  as  the  duffers,  in  order  to  get  down  to  ultimate 
simpUcity,  I  had  for  five  years  the  most  intelligent  cooperation 
of  an  Irish  cook;  and  I  took  that  Irish  cook  with  me  when 
they  invited  me  on  to  Columbia  University  to  give  a  supper  to 
two  hundred  people  in  a  building  where  there  was  no  kitchen. 
They  paid  the  bills  and  I  carried  on  four  or  five  ovens  and  that 
Irish  cook,  put  her  down  in  the  basement,  ordered  the  materials 
and  left  her  there  b,y  herself,  and  in  the  evening  she  served  an 
admirable  nutritious  supper,  ample  in  amount  and  variety,  to 
two  hundred  people.  I  could  give  you  a  better  lunch  than  you 
have  had  to-day  and  cook  it  on  the  table  with  a  couple  of  common 
parlor  lamps  of  the  round  wick  variety,  which  burn  one  quart 
of  oil  in  eight  hours. 

Mr.  E.  a.  W.  Hammatt.  I  was  somewhat  interested  in  the 
remarks  made  about  the  use  of  peat  in  East  Lexington.  If  I 
recollect  correctly,  along  in  the  early  seventies  peat  was  handled 
in  Lexington  and  put  on  tlie  market. 

Mr.  Atkinson.  Yes,  it  was.  Peat  is  so  important  and  is  such 
a  universal  fuel  in  Denmark  that  the  amount  which  may  be  cut 
in  one  year  is  limited  by  statute  to  what  will  be  restored  in  the 
natural  order  two  lumdred  years  hence.  It  is  what  we  don't 
know  about  fuel  that  1  have,  been  speaking  to  you  about. 
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Vice-President  Brooks.  I  would  say  in  connection  with  this 
subject  that  Nat  Wyeth,  who  was  the  pioneer  in  cutting  ice  on 
Fresh  Pond,  and  was  also  connected  with  the  Bay  State  Brick 
Company  during  its  early  period,  made  at  the  Bay  State  brick 
yards  a  lot  of  brick  to  be  used  in  the  construction  of  the  brick  ice- 
houses which  stood  on  the  shores  of  Fresh  Pond;  and  in  order  to 
make  them  light  he  mixed  with  the  clay  a  large  proportion  of 
peat,  and  when  they  were  burned  they  weighed  only  a  fraction  of 
what  an  ordinary  brick  would  weigh.  When  those  buildings 
were  torn  down,  some  fifteen  years  ago,  the  bricks  which  were 
used  in  the  cell  work,  lining  up  the  inside  of  the  houses,  were  taken 
away  and  used  for  partition  w^alls  in  some  buildings  down  in  Cam- 
bridge. They  created  a  good  deal  of  wonderment  at  the  time, 
people  not  knowing  how  they  were  made  and  not  being  able  to 
account  for  their  extreme  lightness.  I  believe  Mr.  Wyeth  also 
attempted  to  burn  bricks  with  peat,  but  I  think  it  was  not  success- 
ful. I  think  that  we  may  say  of  him  that  he  coined  an  expression 
that  is  capable  of  wide  application,  and  perhaps  if  more  people 
would  remember  it  they  would  not  be  discouraged  so  often  at 
seeming  failure  when  they  attempt  to  do  something  new.  Mr. 
Wyeth  was  engaged  in  perfecting  machinery  for  cutting  ice,  and 
he  did  not  hesitate  to  go  to  almost  any  expense  upon  a  machine, 
and  if  a  failure  occurred  he  always  used  to  say:  "It  is  worth  just 
as  much  to  know  what  will  not  work  as  to  know  what  will." 

Mr.  Atkinson.  That  is  a  most  interesting  point.  Of  course 
the  philosophy  of  that  was  that  the  peat  in  the  interstices  of  the 
clay  was  burnt  out  in  the  process  of  burning  the  brick  and  left 
globules  of  air,  the  best  non-heat  and  non-cold  conductor  in  the 
world,  and  you  therefore  had  the  most  effective  non-heat  con- 
ductor that  could  be  made  of  clay.  I  wonder  that  that  had  n't 
been  followed  up  for  many  of  my  own  purposes.  There  is  a  field 
open  for  it  now.  One  of  the  subjects  which  we  have  had  to  ex- 
plore to  the  fullest  extent,  a  covering  for  steam  pipes  and  boilers, 
is  waiting  for  a  porous  clay.  Norton  has  made  it  somewhat  in 
imitation  of  tufa,  but  we  have  n't  yet  developed  it,  —  the  lightest 
and  most  indestructible  material  with  which  steam  pipes  and 
boilers  can  be  covered,  or  it  may  be  made  in  slabs.  This  is  an 
extremely  interesting  point.  I  have  learned  something  to-day 
and  I  have  got  something  which  will  be  developed.  [Applause 
and  laughter.] 
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Mr.  Chase.  I  remember  seeing  a  number  of  years  ago.  it 
must  be  nearly  twenty,  a  slab  of  something  like  fire-brick  which 
is  used  in  bakers'  ovens,  which  had  been  made  by  a  mixture  of 
clay  with  sawdust  and  then  burned,  and  my  impression  is  that 
that  was  used  in  the  construction  of  a  mechanical  filter  at  Mar- 
shalltown,  Iowa.  I  think  that  is  where  I  heard  of  it,  but  I  forget 
whether  it  was  made  there  or  came  from  New  York  state.  I 
think  it  is  now  in  the  office  in  North  Carolina.  My  impression 
is  it  was  a  slab  about  14  by  18  and  2  and  ^  inches  thick,  of  light 
brown  color,  and  it  weighed  not  over  one  third  of  what  an  ordinary 
bakers'  oven  slab  of  the  same  size  weighs.  It  was  sent  to  us 
with  the  idea  that  it  could  be  used  to  strain  the  color  out  of 
water,  but  it  was  so  porous  that  we  found  it  would  hardly  take 
the  bugs  out. 
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PIPES    AND    PIPE    LAYING    FOR    THE    METRO- 
POLITAN   WATER    WORKS. 

BY   CALEB    MILLS    SAVILLE,    DIVISION    ENGINEER. 
[Read  February  11,  1903.] 

Mr.  President  and  Gentlemen,  —  Under  authority  of  Chapter 
488  of  the  Acts  of  the  year  1895,  the  MetropoUtan  Water  Board 
in  the  latter  part  of  that  year  began  planning  for  the  construction 
of  a  pipe  system  to  distribute  water  to  Boston  and  its  suburban 
cities  and  towns.  After  the  organization  of  the  Water  Board, 
Mr.  Frederic  P.  Stearns  was  appointed  chief  engineer.  All  of 
the  work  in  the  Metropolitan  District,  including  the  pumping  sta- 
tions, the  pipe  systems,  and  the  distributing  reservoirs,  was  placed 
in  charge  of  Mr.  Dexter  Brackett,  engineer  of  the  Distribution  De- 
partment. It  is  concerning  the  pipe  system  and  the  methods  of 
construction  employed  thereon  that  I  have  pleasure  in  inviting 
your  attention  to-day. 

THE    DISTRIBUTION    SYSTEM. 

Except  in  the  city  of  Boston  the  consumption  of  water  is 
mostly  for  domestic  purposes,  although  in  several  of  the  other 
cities  and  towns  there  are  extensive  industries  using  large 
amounts  of  water.  In  the  report  of  the  State  Board  of  Health 
to  the  legislature  of  1895  it  was  estimated  that  one  hundred 
gallons  per  capita  would  be  a  reasonable  amount  for  which  to 
provide. 

The  probable  growth  of  the  district  was  carefully  estimated 
and  this  taken  with  the  per  capita  consumption  was  used  as  a 
basis  for  proportioning  the  pipe  lines. 

In  Boston,  and  in  many  of  the  cities  and  towns  in  the  northern 
part  of  the  district,  the  conditions  were  such  as  to  make  it  advis- 
able to  maintain  both  high  and  low  service  systems,  in  order  that 
on  the  one  hand  adequate  pressure  might  be  had  on  the  elevated 
portions,  while  on  the  other  hand  excessive  pressure  and  conse- 
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quent  expense  for  pumping  might  be  avoided  in  the  low  parts. 
A  most  comprehensive  scheme  for  supplying  the  district  with 
water  had  been  laid  out  in  the  State  Board  of  Health  Report  for 
1895.  The  plans  there  suggested,  while  generally  followed,  were 
elaborated  and  developed  as  detailed  investigations  and  surveys 
were  made  for  the  actual  work.  With  Chestnut  Hill  Reservoir 
and  the  pumping  stations  as  a  center,  two  48-inch  pipe  lines  run 
in  a  general  northerly  direction  to  Spot  Pond,  supplying  low-serv- 
ice water  on  the  way  to  Arlington,  Somerville,  Medford,  Maiden, 
Everett,  Chelsea,  East  Boston,  and  Charlestown.  These  lines  fol- 
low different  routes,  one  passing  through  the  westerly  parts  of 
Cambridge,  Somerville,  and  Medford;  the  other  through  the  east- 
erly parts  of  these  cities  and  through  ]\Ialden  and  Melrose.  From 
Maiden  a  branch  from  this  latter  line  runs  off  to  Everett,  Chel- 
sea, and  East  Boston.  From  the  same  center  two  more  48-inch 
Hues  run  easterly  for  the  low-service  supply  of  Boston;  48-, 36-, 
and  30-inch  lines  run  southerly  for  the  high-service  supply  of  this 
city,  and  for  the  whole  supply  of  Quincy  and  Milton.  Westerly 
a  36-inch  main  carries  the  supply  of  Watertown  and  Belmont, 
with  provision  for  the  future  supply  of  Newton.  The  high  serv- 
ice supply  of  the  towns  and  cities  in  the  northerly  part  of  the 
district,  and  the  entire  supply  of  Stoneham,  Revere,  Nahant, 
Swampscott,  Melrose,  and  Winthrop,  is  pumped  from  Spot  Pond 
into  the  High-Service  Reservoir*  in  Middlesex  Fells. 

At  the  same  time  that  surveys  and  investigations  were  being 
made  for  location,  studies,  plans,  and  contracts  were  made  for 
the  pipes,  specials,  valves,  and  other  appurtenances  for  the  pipe 
lines.  The  pipes  t  and  special  castings  were  made  substantially 
according. to  the  standard  specifications  for  cast-iron  pipes  re- 
ported in  the  Journal  op  the  New  England  Water  Works 
Association,  Vol.  16,  p.  330.  For  the  storage  of  these  materials 
on  their  arrival  and  for  convenience  in  sending  them  out,  land  was 
acquired-  temporarily  or  permanently  for  pipe-yard  purposes  as 
conveniently  located  as  possible  with  reference  to  the  proposed 
work  and  to  the  railroads.      In  the  pipe  yards  the  pipe  is  stored 


♦Paper  on  Fells  Reservoir,  by  Mr.  J.  L.  Howartl,  Division  Engineer,  Metropolitan 
Waterworks,  Journal  New  England  Water  Works  Association,  vol.  xv,  p.  20. 

t  Paper  by  Mr.  De.xler  Brackett,  Enarincer  Distribution  Department  Metropolitan 
Water  Works,  Journal  New  England  Water  Works  Association,  vol.  xiii, p.  325. 
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Fig.  1.  — Mktuopolitax  Pipk  Yakd,  Som?:kvii.i,k. 


Fig.  2.  —  4S-INCII  Pii'E  Link  Floated  by  Water  used  in  Pdddling. 
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on  spruce  runs  in  tiers  to  a  height  of  about  12  feet.  It  is  handled 
by  a  55-foot  boom  derrick  of  10  tons  capacity,  held  in  place  by 
five  l|-inch  wire  guys  fastened  to  "deadmen,"  and  rests  on  a 
block  of  concrete  4  feet  thick  and  4  feet  square.  As  it  was  nec- 
essary to  have  a  certain  number  of  men  in  the  pipe  yard,  it 
seemed  best  to  operate  the  derricks  by  hand  power  rather  than 
steam.     Plate  I,  Fig.  1,  is  a  view  of  the  Somerville  pipe  yard. 

APPURTENANCES    AND    SPECIAL    DETAILS. 

On  pipes  30  inches  diameter  and  larger,  manhole  pipes  for 
affording  entrance  to  the  inside  of  the  pipe  line  were  placed  at 
convenient  intervals.  These  pipes  were  special  castings  about  3 
feet  long  with  bell  and  spigot  ends,  having  a  flanged  circular 
opening  in  the  top,  on  which  was  bolted  a  cast-iron  cover  with  a 
gasket  between.  All  gate  valves  of  12  inch  and  larger  were  made 
from  patterns  specially  designed  for  this  work,  owned  by  the 
Board  and  loaned  to  the  maker.  The  iron  castings  are  made 
from  superior  quality  metal  and  thoroughly  tested  for  their  work. 
The  composition  castings  are  made  of  new  material  of  the  best 
quality,  the  valve  seats  and  faces  being  3  parts  copper  and  1  part 
zinc;  all  other  composition  is  of  88  parts  copper,  10  parts  tin  and 
2  parts  zinc,  having  a  tensile  strength  of  not  less  than  30  000  lbs. 
per  square  inch.  Each  valve  has  the  maker's  initials  and  the 
year  cast  on  the  outside  of  the  dome.  The  seats  and  faces  are 
faced  with  composition  inserted  in  a  dovetailed  groove,  soUdly 
hammered  in  and  fastened  with  brass  or  composition  screws. 
Before  delivery  the  valves  are  tested  at  the  contractor's  expense 
as  follows:  First,  heads  are  secured  at  each  end  of  the  casting, 
the  valves  opened  and  a  pressure  of  250  lbs.  per  square  inch  ap- 
phed;  second,  the  face  joints  of  the  valves  are  tested  by  closing 
the  valves,  leaving  one  end  of  the  casting  open  and  applying  a 
pressure  of  150  lbs.  per  square  inch  to  the  other;  this  operation  is 
then  reversed  and  the  other  face  of  the  valve  tested. 

All  of  the  gate  valves  except  a  few  near  the  pumping  sta- 
tions are  operated  by  hand  power.  This  method  insures  slow 
closing  and  is  a  safeguard  against  ram.  At  the  pumping  stations, 
however,  hydraulic  power  is  used  to  operate  the  large  valves  in 
the  mains  which  are  most  often  used.  No  valves  larger  than  36 
inches  in  diameter  have  been  used,  reducers,  making  a  section  like 
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a  venturi  meter  with  a  36-inch  valve  at  the  throat,  being  placed 
on  the  larger-sized  pipes.  This  method  greatly  reduced  the 
cost,  and  inappreciably  affected  the  head. 

A  ninnber  of  check  valves  have  been  used  on  the  system, 
which,  while  generally  following  usual  types,  are,  like  the  gate 
valves,  made  from  specially  designed  patterns. 

Two  sizes  of  air  valves  are  used,  one  having  a  gross  opening  in 
the  shank  of  an  inch  diameter,  the  other  of  1^  inches.  These 
valves  are  not  self-acting,  but  require  to  be  both  closed  and  opened 
by  operating  a  screw  in  the  stem,  a  shield  around  the  upper 
portion  of  the  valve  protecting  the  operator  from  water  when 
the  air  is  driven  from  the  pipe.  The  advantages  of  this  style 
valve  are  that  it  is  positive  in  its  action  and,  on  account  of  prox- 
imity to  the  pipe,  unlikely  to  freeze. 

In  several  places  where  the  pressure  afforded  by  the  Metro- 
poHtan  mains  is  higher  than  necessary  for  the  supply  of  the  town, 
reducing  valves,  either  of  the  Ross  pattern  or  a  specially  designed 
balanced  valve,  are  used  to  reduce  the  pressure  on  the  local  con- 
nection. 

Where  a  joint  opening  of  less  than  one  inch  would  be  required, 
changes  in  direction  were  made  with  12-foot  lengths  of  straight 
pipe.  Changes  in  direction  requiring  sharper  curvature  than 
this  were  made  with  specially  cast  pipes.  Whenever  these 
special  castings  were  used,  the  joints  were  run  solid  with  lead, 
and  the  pipes  solidly  backed  with  concrete. 

Lugs  were  cast  on  all  branches,  and  the  cap  or  gate  control- 
ling the  -opening  securely  bolted  to  the  main  hne.  In  laying  the 
pipes  under  several  reservoirs,  provision  was  made  against  the 
tendency  for  the  outside  water  pressure  to  float  the  pipes  if 
empty  by  fastening  them  to  concrete  blocks  by  iron  straps  en- 
circhng"  the  pipe.  All  summits  where  air  might  collect  are  fur- 
nished with  air  valves,  and  all  low  places,  where  possible,  have 
blow-off  branches  for  draining  the  line. 

The  specifications  for  the  pipe-laying  were  drawn  with  the 
greatest  care,  and  the  consensus  of  opinion  among  contractors 
seems  to  be  that  the  signing  of  a  Metropolitan  pipe-laying  con- 
tract is  equivalent  to  giving  a  quitclaim  deed.  However  this 
may  be,  no  lawsuits  have  been  necessary  in  settling  claims  since 
the  beginning  of  the  u'ork. 
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The  lines  of  the  trench  in  streets  followed  as  closely  as  pos- 
sible established  street  lines,  and  where  practicable  such  a  loca- 
tion was  chosen  that  the  pipe  line  would  neither  be  under  street 
car  tracks  in  the  center  nor  in  the  location  of  surface  drains  in  the 
side  of  the  roadway.  Alignment  was  given  by  spikes  driven  on 
a  convenient  offset  and  at  intervals  of  about  fifty  feet  on  tan- 
gents. Spikes  were  also  driven  on  all  points  of  curvature  and  at 
short  intervals  on  curves.  These  spikes  were  leveled  over  and 
grades  given  on  them  which  were  afterwards  tranf erred  to  grade 
boards  set  up  over  the  center  of  the  trench.  Few  sewers  can 
show  better  hues  and  grades  than  those  in  the  pipe  lines  of  the 
Distribution  Department. 

The  pipes  were  hauled  to  the  trench  by  the  contractor,  being 
delivered  on  his  teams  at  the  pipe  yard  by  the  Commonwealth. 
In  the  case  of  the  larger  sizes  of  pipes,  it  was  soon  found 
most  convenient  to  use  teams  made  specially  for  the  work. 
After  delivery  the  contractor  was  responsible  for  all  materials 
until  the  pipe  line  was  accepted  and  the  final  payment  made. 
This  provision  was  rigidly  enforced,  and  resulted  in  much  greater 
care  being  taken  of  the  materials.  As  it  was,  almost  every  final 
estimate  contained  a  deduction  for  broken  pipes  and  small  arti- 
cles lost  or  stolen. 

In  excavating  the  trenches  care  was  taken  to  interrupt  traffic 
as  little  as  possible,  and  the  trenches  were  bridged  at  short  inter- 
vals to  accommodate  foot  travelers. 

The  road  metal  or  other  surfacing  material  was  first  stripped 
and  carefully  saved  to  be  replaced. 

As  a  general  thing  it  was  intended  to  lay  the  pipes  so-  that  the 
axis  would  be  about  five  feet  below  the  surface  of  the  ground. 
This  necessitated  very  many  changes  in  water-service  pipe  and 
in  some  cases  both  sewer  and  gas  connections  also.  Where  large 
pipes  were  to  be  laid  it  seemed  best  to  hold  to  the  line  and  grade 
and  change  existing  structures.  In  the  central  parts  of  the  older 
towns  and  cities  many  structures  were  encountered,  as  water  and 
gas  pipes,  sewers,  drains,  and  catch  basins.  Those  recently  built 
were  fairly  well  located,  and  the  plans  were  made  to  avoid  them 
as  far  as  possible.      The  older  structures  were  usually  not  only 
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without  recorded  location,  but  in  many  cases  out  of  the  memory 
of  the  oldest  inhabitant,  even  as  to  utility. 

In  some  cases  most  obstinate  worship  seemed  to  attach  to  some 
old  structure  like  a  fire  cistern  dating  from  the  time  of  the  old 
hand  engines  and  of  a  size  that  the  modern  engine  would  ex- 
haust in  fifteen  minutes.  No  amount  of  diplomacy  was  usually 
sufficient  to  obtain  permission  to  fill  these  up,  and  offsets  had 
to  be  made  in  the  pipe  line  or  expensive  measures  taken  to 
ensure  the  permanency  of  the  basin  and  protection  of  the  main 
if  by  any  great  favor  it  was  permitted  to  lay  the  pipe  through 
the  walls. 

In  several  places  the  existing  location  of  the  sewer  was  such 
that  the  pipe  line  was  carried  deep  down  below  everything.  In 
the  case  of  small-sized  pipes  this  method  was  much  less  expen- 
sive than  the  relocation  of  the  many  service  pipes  in  thickly- 
settled  communities.  When  existing  sewers  and  drains  were 
found  in  locations  where  it  was  impossible  to  change  the  pipe 
line  or  the  house  connections,  parallel  sew^ers  were  laid  to  take 
the  drainage.  The  irresponsible  way  in  which  the  older  Hnes  of 
gas  pipes  meandered  from  side  to  side  of  a  well-laid  out  street  was 
a  thorn  in  the  side  of  the  locating  engineer,  and  suggested  that  the 
same  surveyor  had  perhaps  been  employed  who  laid  out  the 
older  streets  of  Boston. 

In  a  number  of  instances  the  pipe  hnes  passed  through 
streets  built  over  soft  and  marshy  ground.  If  the  depth  of 
soft  material  was  great  a  pile  foundation  was  used;  if  it  were 
only  a.  few  feet,  concrete  piers  were  substituted  for  the  piles  ; 
and  if  only  of  very  shallow  depth  the  material  was  entirely  ex- 
cavated, and  the  grade  of  the  pipe  line  lowered  or  the  trench  filled 
with  suitable  material  up  to  the  proposed  grade,  and  the  pipes 
laid  on  the  new  foundation.  In  places  where  much  mud  was 
encountered,  every  precaution  was  taken  to  backfill  entirely 
around  the  pipe  and  for  six  or  eight  inches  over  its  top  with  clean 
gravel  before  any  of  the  mud  was  replaced. 

Where  the  material  was  suitable,  water  was  used  for  setthng 
it  back  again  into  the  trench.  The  use  of  water  for  this  pur- 
pose caused  considerable  discussion  with  contractors.  Some 
claimed  that  the  proper  method  was  to  almost  entirely  fill  the 
trench  with  earth  and  then  flood  with  water,  using  a  long  bar  to 
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make  holes  in  the  filling  and  allow  the  water  to  settle.  Others 
preferred  to  fill  the  trench  perhaps  one  third  full  of  water  and 
allow  the  material  to  settle  through  this  into  place.  Still  others 
combined  the  two  methods  by  keeping  a  large  hose  stream  con- 
tinually on  the  backfilling  material.  All  of  these  methods  have 
their  good  points,  and  the  best  for  any  particular  place  depends 
upon  the  nature  of  the  material.  In  using  water  to  backfill  great 
care  should  be  taken  with  the  larger  sizes  of  pipes  to  prevent 
floating  the  empty  pipe  fine.  One  or  two  instances  of  this  hap- 
pened where  a  48-inch  pipe  line  was  raised  and  thrown  out  of 
aUgnment  for  a  considerable  distance  from  this  cause.  (See 
Plate  I,  Fig.  2.)  This  line  was  forced  back  into  position 
and  the  joints  recalked.  In  macadamized  streets  the  trench 
was  first  filled  to  subgrade  of  the  roadway,  and  then  the  best  por- 
tions of  the  surfacing  materials  screened  and  deposited  in  layers, 
the  largest  size  being  replaced  first,  and  the  remaining  materials 
in  layers  according  to  their  size.  The  whole  trench  was  then 
wet  and  rolled  with  a  steam  or  heavy  grooved  roller. 

With  the  larger  sizes  of  pipe  there  was  usually  some  surplus 
which  if  good  gravel  or  sand  was  readily  disposed  of.  The  cities 
and  towns  where  work  was  under  way  w^ere  given  the  first  oppor- 
tunity to  secure  it.  In  some  of  the  trenches  for  pipe  twenty 
inches  and  under  there  was  no  surplus,  and  the  contractor  was 
obliged  to  haul  material  from  elsewhere  to  fill  portions  of  the 
trench. 

In  cutting  the  pipes  it  was  found  best  to  mark  entirely  around 
first  with  a  diamond  point  on  the  outside,  and  if  the  pipe 
was  large  enough  to  enter,  on  the  inside  also,  before  beginning 
with  the  dog  chisels.  In  this  manner  very  clean  cuts  were  made 
and  few  pipes  broken. 

In  jointing  the  pipes  either  canvas  or  steel  jointers  were  used, 
the  former  being  preferred.  The  joints,  except  in  few  cases, 
were  all  run  from  the  top  and  filled  by  continuous  pouring.  If 
any  joint  failed  to  fill,  it  was  usually  dug  out,  melting  not 
being  allowed,  except  for  some  extraordinary  reason. 

When  a  pipe  was  lowered  into  the  trench  it  was  lined  and 
graded  by  the  inspector,  and  pairs  of  wedges  driven  home  in  two 
places  underneath.  After  the  joint  was  yarned,  the  inspector 
tried  the  depth  of  the  lead  space  with  a  gage,  and,  if  satisfactory, 
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the  joint  was  poured.  As  soon  as  possible  after  the  joints  were 
made  they  were  covered,  to  prevent  the  lead  being  drawn  out  by- 
expansion  and  contraction  of  the  iron,  if  exposed  to  the  sun. 
The  pipes  usually  were  placed  in  the  trench  by  a  derrick,  oper- 
ated by  hand  and  spanning  the  trench.  In  the  case  of  the  line 
on  Commonwealth  Avenue,  Newton,  however,  where  a  15-foot 
trench  was  excavated  through  the  rock  to  accomodate  a  future 
hne,  the  pipes  were  rolled  sidewise  down  an  inchne  and  placed  by 
a  tackle  hung  to  an  overhead  beam. 

At  two  brook  crossings,  each  about  fifteen  feet  wide,  where  it 
was  undesirable  to  go  below  the  bed,  and  unwise  to  contract  the 
water-way  by  passing  a  large  pipe  through  it,  the  grade  was  car- 
ried so  that  the  top  of  the  pipe  was  about  a  foot  from  the  street 
surface  and  protected  against  damage  from  steam-roller  or  street- 
car weight  by  a  curved  steel  plate  supported  by  I-beams  on 
either  side  of  the  pipe.  Stony  Brook,  West  Roxbury,  was  crossed 
by  a  self-supporting  36-inch  steel  pipe  38  feet  long. 

Usually  the  pipes  were  laid  uphill,  breaking  the  line  when 
the  summit  was  reached  and  beginning  again  at  the  bottom. 
This  was  especially  necessary  in  the  larger  and  heavier  pipes,  to 
ensure  getting  the  spigot  home  in  the  bell. 

Where  there  were  no  bridges,  railroad  tracks  were  crossed  under 
by  an  open  trench,  the  tracks  being  temporarily  supported  by 
large  timbers  placed  by  the  railroad  at  the  expense  of  the  con- 
tractor. Several  streams  and  railroads  were  crossed,  either  by 
hanging  the  pipes  to  the  iron  stringers  of  the  bridges  and  build- 
ing around  them  boxes  sufficiently  tight  to  protect  from  frost,  or 
by  supporting  the  pipe  on  top  of  the  bridge  beams. 

It  is  remarkable  what  shght  protection  will  prevent  freezing 
if  sufficiently  tight  to  shut  out  drafts.  The  12-inch  pipe  supply- 
ing the  high  portions  of  Milton  in  making  a  crossing  115  feet  long 
at  West  Street,  Hyde  Park,  is  protected  only  by  a  steel  plate  i- 
inch  thick  on  the  bottom,  8-inch  I-beams  on  the  sides,  and 
4-inch  planking  on  top.  With  a  flow  of  about  six  gallons  per  min- 
ute, the  water  in  this  pipe  did  not  freeze  during  the  coldest 
nights  of  this  winter.  In  Mcdford  the  20-inch  and  48-inch  pipes 
are  carried  over  Mystic  Kiv(M-  in  a  phito  girder  bridge  resting  on 
stone  abutments. 

On    only    twr)     pipe-laying    contracts    have    attempts     been 
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made  to  use  machinery  either  for  excavating  or  ]3ipe  lay- 
ing, although  steam  derricks  have  been  used  in  a  number  of 
places  where  the.  nature  of  the  work  required  a  considerable 
excavation  and  much  pipe  laying  in  a  contracted  area.  A  steam 
excavating  machine  was  used  somewhat  by  E.  W.  Everson  & 
Co.  on  Section  19,  in  a  gravel  trench,  but  with  indifferent 
success;  and  later  this  same  machine  was  used  in  excavating  for 
the  laying  of  a  20-inch  pipe  under  Charles  River  between  Newton 
and  Watertown.  This  machine,  which  is  shown  in  Plate  II, 
Fig.  1,  consisted  of  a  double-drum  hoisting  engine,  mounted 
on  a  platform  which  also  carried  a  boom  derrick  on  a  turntable. 
This  platform  rested  on  flanged  wheels  running  on  T-rails.  By 
means  of  "deadmen"  and  ropes  attached  to  the  engine  drums, 
the  machine  could  be  drawn  forward  or  backward  on  the  rails. 
Attached  to  the  boom  of  the  derrick  was  a  bucket  similar  to 
that  used  in  a  dipper  dredge,  and  by  means  of  wire  ropes  and 
an  anchor  this  bucket  could  be  pulled  some  distance  from  the 
engine,  dropped  into  the  trench,  and  when  pulled  back  would  be 
filled  with  material  from  the  trench  bottom.  When  the  engine 
was  reached  the  bucket  could  be  hoisted  by  the  derrick,  turned 
to  one  side,  and  dumped  alongside  the  trench. 

On  Section  4,  Supply  Pipe  Lines,  a  machine  designed  by  the 
contractor,  Thomas  F.  Moore,  was  used  which  was  very  satisfac- 
tory in  its  working,  and  apparently  effected  considerable  saving 
over  hand  methods  both  in  trenching  and  pipe  laying.  (See  Plate 
II,  Fig.  2).  Usually  when  a  large  pipe  is  laid  through  a  narrow 
street  it  is  necessary  to  close  that  street  to  travel,  to  the  great 
annoyance  of  the  public.  Beside  this,  the  contractor  himself  must 
arrange  to  have  all  his  pipes  hauled  on  to  the  ground  before  the 
street  is  closed.  The  excavated  material  is  piled  high  in  every 
available  place,  to  the  damage  of  lawns  and  fences,  no  matter 
what  care  is  taken.  With  this  machine  there  is  no  material 
stored  alongside  the  trench,  except  the  surfacing  of  the  roadway. 
The  material  from  the  head  of  the  trench  is  shoveled  into  buckets 
by  laborers,  hoisted  by  the  cable,  run  backward,  and  dumped 
over  the  pipe  laid  at  the  other  end  of  the  trench  The  buckets 
have  hinged  bottoms,  and  the  load  can  be  dumped  either  from 
the  cableway  without  stopping  the  machine,  or  the  buckets  can 
be  lowered  into  the  trench,  the  bottom  of    the  bucket  opened 
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and  the  load  released  simply  by  raising  the  bucket.  This  feat- 
ure is  of  great  importance  when  handling  materials  in  which  there 
are  stones  or  other  solid  matter,  which  it  would  be  unsafe  to 
drop  on  the  unprotected  pipe. 

In  laying  48-inch  pipes  with  this  machine,  only  about  11  feet  in 
width  of  roadway  and  from  150  to  200  feet  in  length  is  occupied. 
In  a  narrow  street  the  pipes  need  not  be  stored  alongside  the 
trench,  but  can  be  laid  as  soon  as  brought  to  the  ground,  and  no 
time  lost  to  the  pipe-laying  gang  as  would  usually  be  the  case. 
The  pipe  is  dropped  alongside  the  trench  where  convenient,  and 
rolled  under  the  cableway  on  to  timbers  over  the  trench.  It  is 
then  pulled  up  by  the  travelling  carriage,  taken  to  the  proper  point, 
and  lowered  into  place.  The  usual  tedious  work  of  forcing  the  pipe 
into  place  with  bars  is  avoided,  the  pipe  being  snubbed  home  and 
held  there  by  the  machine  until  received  by  wedges  at  the  re- 
quired grade.  Two  men  in  the  car  and  the  engineer  take  the  place 
of  the  subforeman  and  derrick  gang  usually  employed. 

Considerable  rock  work  has  been  necessary  in  trenching  for  the 
pipe  Hnes,  some  of  the  heaviest  work  being  done  during  the  past 
year  in  excavating  for  a  60-inch  line  in  Medford  and  for  48-inch 
lines  in  Newton.  Plate  III,  Figs.  1  and  2  show  a  rock  trench  on 
Commonwealth  Avenue,  Newton,  previous  to  laying  pipe  and 
after  one  line  was  laid.  In  the  future  it  is  expected  to  lay  lines 
parallel  to  both  of  these,  and  at  this  time  enough  rock  was  exca- 
vated-so  that  hereafter  no  rock  work  would  be  necessary  in  these 
places. 

A  -number  of  long,  and  in  some  cases  difficult,  river  crossings 
have  been  made  on  the  work,  and  the  methods  employed  varied 
considerably.  Two  crossings  of  the  Charles  River,  Cambridge, 
and  of  the  Mystic  River,  Medford,  were  made  with  double  lines 
of  36-inch  pipes,  connected  with  a  single  48-inch  line  at  each  end 
by  a  Y-branch.  These  pipes  were  laid  in  six-pipe  sections, 
the  spigot  end  of  the  section  to  be  laid  being  specially  cast  with 
a  taper  to  fit  into  a  leaded  joint  in  the  bell  of  the  section  previ- 
ously laid.  The  sections  to  be  laid  were  fastened  to  a  truss  on 
the  side  of  a  pipe-laying  scow,  and  could  be  raised  or  lowered  as 
required.*      When  at  the  proper  point  the  pipe   section  on  the 

*  A  more  detailed  description  of  the  submerged  pipe  laying  may  be  found  in  Journal 
Assoc.  Eng.  >Soc.s.,  Vol.  XXVI,  1901,  p.  193. 


I'FA'I'K    III. 


Kl(..    ..         KwLlv    ri;LNCU    KEADY    FOH   4S-IXCH    PlI'E. 


Fig.  2.  — Hock  Timnoii  with  4S-incii  Pipe. 
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truss  was  forced  home  by  hydraulic  pressure,  a  diver  guiding  the 
spigot  end  into  the  receiving  bell.  After  being  laid,  all  joints  were 
recalked  by  the  diver.  Changes  in  direction  were  made  with  ball 
and  socket  joints  having  a  maximum  deflection  of  1 :  10.  The 
trench  across  the  river  was  previously  dredged  for  the  pipe,  and 
in  the  case  of  the  Mystic  crossing  a  pile  foundation  was  used  for 
the  entire  distance. 

At  the  Maiden  River  a  double  line  of  36-inch  pipe  was  laid  in 
a  coffer  dam,  one  half  of  the  work  being  done  and  the  dam  re- 
moved before  work  was  begun  on  the  other  half.  The  Saugus 
River,  Lynn,  was  crossed  by  pipes  laid  in  a  double  wooden  frost 
box,  supported  on  a  pile  foundation  as  far  as  the  channel,  and 
this  by  means  of  an  inverted  siphon.  This  w^as  45  feet  between 
the  vertical  legs,  and  the  top  of  the  horizontal  portion  was  about 
21  feet  below  mean  high  water.  It  was  built  of  hard  pine  timber, 
6  inches  thick,  thoroughly  bolted  and  keyed  together,  making  a 
box  4  feet  8  inches  by  3  feet  8  inches  over  all,  inside  of  which 
was  placed  a  20-inch  pipe  surrounded  by  Portland  cement  con- 
crete. At  Mystic  River  between  Medford  and  Arlington,  where 
the  water  was  shallow,  a  sand-bag  dam  and  close  sheeting  was 
used  to  lay  a  20-inch  pipe  with  ordinary  joints.  At  Charles 
River,  between  Newton  and  Watertown,  as  mentioned  above, 
a  machine  was  used  for  excavating  and  handling  the  pipes.  The 
material  excavated  was  piled  around  a  section  about  fifty  feet 
long,  which  when  the  tide  was  low  could  be  pumped  clear  of 
water  and  the  pipe  laid.  On  the  return  of  the  tide,  backfilling 
would  be  done  and  further  excavation.  The  rise  and  fall  of  the 
tide  being  only  a  few  feet,  work  of  this  nature  could  proceed  at 
any  time. 

For  the  supply  of  East  Boston  a  24-inch  pipe  with  spherical 
joints  was  laid  under  Chelsea  Creek.  Previous  to  this  the  sup- 
ply had  been  carried  by  two  pipe  lines,  one  20  inches  and  the 
other  24  inches  in  diameter.  The  24-inch  hne  w^as  laid  in  1871, 
with  pipe  similar  to  those  above  described.  The  20-inch  line 
was  laid  in  1850.  Below  low"  water  these  pipes  were  laid  in  three- 
pipe  sections,  each  pipe  being  9  feet  long  and  having  flanged 
joints.  At  the  end  of  each  section  was  a  curious  swivel  joint, 
allowing  the  freest  possible  motion  vertically,  but  being  rigid 
to  horizontal  movement.      These  joints  made  a  series  of  right- 
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angled  offsets  in  the  pipe  line,  which  must  have  resulted  in  a  con- 
siderable loss  of  head.  After  removal,  the  pipes  both  above  and 
below  water  were  found  to  be  very  badly  tubereulated,  the  inside 
diameters  being  reduced  as  much  as  two  inches  by  a  soUd  mass  of 
incrustation.  The  pipes  of  this  line  above  low  water  originally 
had  their  walls  |  inch  in  thickness,  but  the  whole  barrel  was 
somewhat  reduced,  and  in  places  the  iron  was  so  soft  that  \ 
inch  could  be  dug  out  wdth  a  pocket  knife.  Below  low  water  the 
pipes  were  If  inches  thick,  and  had  been  covered  with  clay. 
Where  this  material  was  solidly  bedded  about  the  pipe  the  protec- 
tion was  perfect,  even  the  rope  slings  used  to  lower  the  pipe  being 
found  attached  when  the  pipe  was  raised.  The  new  line  was  made 
up  with  24-inch  pipes,  having  ball  and  socket  joints  similar  to 
those  used  with  the  36-inch  pipes  at  the  Mystic  River.  The  line 
below  low  water  was  wholly  composed  of  these  pipes,which  were 
laid  from  a  curved  sHde  on  the  side  of  a  pipe-laying  scow.  One 
end  of  the  line  was  securely  anchored  on  one  side  of  the  river 
and  other  pipes  put  into  the  shde,  the  joints  leaded,  and  the 
pipes  pulled  down  the  sUde  to  the  river  bottom  by  warping  the 
scow  ahead. 

Under  Mystic  River  at  Chelsea  North  Bridge,  two  inverted 
siphons  of  the  pattern  used  at  Saugus  River,  but  containing  pipes 
of  30  inches  and  24  inches  respectively,  had  been  laid,  the  first  in 
1850  and  the  second  one  in  1864.  On  account  of  the  widening 
and  deepening  of  the  channel  and  reconstruction  of  the  draw  at 
this  point,  it  was  found  necessary  to  replace  these  pipes.  Both 
lines  were  badly  tuberculated,  being  reduced  in  diameter  from 
2^  to  4  inches.  The  30-inch  pipes  were  of  Scotch  make,  |  inch 
thick,  having  bells  with  joint  room  6^  inches  deep  and  f  inch 
wide,  run  solid  with  lead.  Both  of  these  pipes  had  been  covered 
with  concrete  boxed  with  heavy  timbers,  and  the  30  inch 
siphon  copper  sheathed  on  the  uprights.  All  the  bolts  in  the  lat- 
ter siphon  were  of  copper,  and  were  in  excellent  condition.  The 
other  box  was  put  together  with  iron  bolts,  which  were  badly 
deteriorated  except  in  the  bottom.  This  portion  had  been  cov- 
ered with  clay,  and  was  in  good  condition.  Both  boxes  where 
exposed  between  the  river  bottom  and  low  water  were  almost 
wholly  destroyed  by  limnoria. 

Although  Chelsea  and  East   Boston  were  now  supplied   by  a 
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1 1'..  2. —  Laying  3  GO-incii  I'm-e  Lines  in  Coffek  Dam 
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12-incli  i)ipc  recently  laid,  it  seemed  l^est  to  still  maintain  a  sup- 
ply in  this  location.  The  greater  depth  and  breadth  made  the 
use  of  a  siphon  impracticable,  and  a  tunnel  6  feet  in  diameter  and 
145  feet  in  length  was  constructed,  having  a  shaft  on  either  side 
of  the  channel,  in  which  a  24-inch  pipe  line  was  laid  and  con- 
nected with  the  pipe  previously  in  service  on  either  side.  About 
45  feet  of  each  shaft  is  composed  of  steel  cylinders  8  feet  in  diam- 
eter, made  of  ^-inch  plates,  three  9-foot  lengths  of  cyhnder  being 
set  up  on  the  deck  of  a  lighter  and  partially  Uned  with  brick 
masonry.  This  portion  was  then  lowered  into  position  and 
allowed  to  settle,  necessary  sections  being  added  at  low  w^ater 
to  bring  the  top  well  above  the  highest  tide.  On  top  of  this  cyl- 
inder an  air  lock  was  bolted,  and  the  work  proceeded  by  means 
of  the  ordinary  methods  used  in  pneumatic  work.  In  both  shaft 
and  drift  circular  wooden  lagging  was  used,  forming  a  solid 
wooden  ring  5  inches  thick  outside  the  brickwork. 

At  the  Neponset  River  in  Hyde  Park  a  12-inch  line  made  up 
of  pipes  with  ball  and  socket  joints  was  used.  These  pipes  were 
floated  into  position  over  a  dredged  trench  by  means  of  oil  bar- 
rels securely  lashed  to  the  pipes,  (see  Plate  IV,  Fig.  1)  and  when 
all  was  ready  these  were  cut  away  and  the  pipe  allowed  to  settle 
into  place.  A  subsequent  test  of  this  Une  indicated  that  it  was 
almost  bottle  tight. 

The  Charles  River  between  Newton  and  Weston  is  being  crossed 
by  three  parallel  hues  of  60-inch  pipes  covered  with  concrete. 
This  work  is  being  done  by  means  of  a  coffer  dam.  (Plate  IV, 
Fig.  2).  The  river  and  flats,  which  are  at  times  under  water,  made 
it  necessary  to  work  in  the  coffer  dam  for  about  three  hundred 
feet.  The  maximum  depth  of  the  water  is  about  seven  feet,  and 
the  bottom  of  the  pipes  in  the  channel  about  seven  feet  below 
the  river  bed.  The  cofferdam  is  a  two-story  structure,  the  upper 
part  above  the  river  bed  being  fifty  feet  wide  in  the  clear  and  hav- 
ing double  walls  of  4-inch  tongued  and  grooved  spruce  sheeting. 
The  double  walls  are  five  feet  apart,  and  filled  in  with  sand  and 
mud  from  the  excavation.  Inside  this  dam  a  trench  25  feet  wide, 
sheeted  with  3-inch  by  9-inch  spruce  timber,  is  dug  in  the  river 
bottom  to  a  depth  of  about  seven  feet  at  the  center  of  the  chan- 
nel and  fourteen  feet  deep  near  shore.  In  this  trench  the  pipes 
are  laid.     The  material  encounted   was   sandy  gravel,  containing 
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considerable  water,  as  much  as  six  million  gallons  being  pumped 
per  day  by  the    6-inch  and  8-inch  centrifugal  pumps. 

An  interesting  feature  of  this  work  is  the  running  of  the  joints 
solid  with  lead  and  the  calking  of  the  lead  joints  both  on  the  in- 
side and  outside.  For  this  work  no  gasket  was  used  in  the  joint, 
but  a  band  of  steel  2h  inches  wide,  y\  inch  thick,  and  the  length 
of  the  inside  circumference  of  a  60-inch  pipe  was  made  up  in  cir- 
cular shapes,  fitted  against  the  inside  of  the  joint,  and  held  se- 
curely in  place  by  bolts  and  nuts,  placed  in  such  a  manner  that 
by  screwing  them  up  the  steel  band  would  be  expanded  against 
the  pipe  walls  in  the  same  manner  a  pair  of  cahpers  are  opened. 
When  the  joint  was  run,  men  would  calk  the  inside  of  the  joint  as 
well  as  the  outside,  thus  making  a  smooth  and  tight  joint.  On 
previous  60-inch  lines  the  joints  had  been  pointed  with  Portland 
cement  mortar  on  the  inside. 

After  the  pipe  lines  are  completed,  and  before  being  accepted, 
they  are  tested  by  such  hydrostatic  pressure  as  seems  desirable. 
The  pressure  is  usually  obtained  by  a  hand-power  force  pump, 
taking  water  from  a  nearby  hydrant  and  delivering  it  through  a 
meter  into  the  pipe  line  through  a  hole  tapped  for  an  air  valve. 

After  the  construction  work  is  all  done,  record  plans  (Fig.  1)  are 
made  up  showing  the  general  location  of  both  plan  and  profile  to 
scales  of  forty  feet  and  four  feet  to  the  inch,  horizontally  and 
vertically,  respectively.  Record  detail  plans  (Fig.  2),  are  also 
made  to  a  scale  of  twenty  feet  to  an  inch,  showing  all  valves  and 
appurtenances  that  it  might  be  necessary  to  locate  quickly. 

COST   OF    PIPE-LAYING    WORK. 

Table  No.  1,  page  220,  shows  the  total  cost  to  the  Common- 
wealth of  laying  several  pipe  lines  of  various  sizes.  On  account 
of  lower  prices  both  for  materials  and  labor  previously  prevail- 
ing, this  work  cost  much  less  than  would  similar  work  to-day. 

Table  No.  2,  page  222,  shows  the  prices  bid  by  contractors  for 
laying  pipes  from  the  beginning  of  work  to  the  present  time.  In 
making  up  the  average  shown  in  Column  6,  a  few  have  either  a 
very  high  or  a  very  low  bid  omitted.  This  was  done  because  it 
seemed  that  the  judgment  of  the  great  majority  of  bidders  was 
a  more  reliable  estimate  of  the  amount  that  should  be  received 
for  the  work,  and  extreme  prices  either  were  errors  or  indications 
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of  an  unbalanced  bid.  For  the  48-inch  pipes,  of  the  119  bids 
received,  only  11  were  rejected  as  being  either  too  high  or  too  low 
for  a  well-considered  offer. 

The  bids  under  Contracts  30,  64,  and  207  are  large  on  account 
of  the  long  haul  for  materials  and  location  difficult  of  access. 
Under  Contract  39  for  laying  30-inch  pipe,  if  the  two  highest  bids 
were  omitted  the  average  of  the  others  is  $1.20  per  hnear  foot. 
Under  Contract  60  the  bids  for  the  42-inch  pipe  were  high  on  ac- 
count of  long  haul  and  location,  which  was  in  narrow  city  streets 
containing  many  underground  obstructions. 

Table  No.  3,  page  223,  is  presented  as  an  individual  opinion  of 
what,  under  ordinary  circumstances  and  average  conditions,  pipes 
of  the  several  sizes  listed  might  be  laid  for  under  contract  work 
at"the  present  time.  It  is  generally  based  on  the  foregoing  infor- 
mation and  on  data  collected  during  the  work  of  construction. 
If  used  it  is  expected  to  serve  as  a  guide,  and  is  not  a  statement 
of  the  cost  of  pipe  laying  under  any  and  all  conditions. 

BASIS    OF    COST  TABLE. 

„.  ,  Average  per  cent. of  cost 

FipeS,  etc —  of  straight  pipe. 

Small  pipes  (for  blow-offs  and  connections)       .         .         .  1.50 

Special  castings i.f>0 

Valves      . 5.00 

Miscellaneous  materials 1.00 

Total  percentage  to  be  added   to  the  cost  per  ton 

of  straight  pipe    .......  12.00 

The  heading  Miscellaneous  includes  frames  and  covers  for  cham- 
bers, and  payments  for  labor  and  miscellaneous  materials  not 
included  elsewhere. 

When  pipe  is  $26.80  perton^  the  cost  per  ton  of  the  pipe  line,  in- 
cluding small  pipes,  specials,  valves,  etc.,  would  be  $30.02  (26.80  X 
1.12).  Thirty  dollars  per  ton  is  used  in  the  cost  table,  as  the  aver- 
age cost  of  straight  pipe  recently  purchased  was  in  the  neighbor- 
hood of  $27. 

Teaming.  —  The  cost  of  teaming  pipe  on  21  contracts  previous 
to  1898  was  $0.26  per  ton  per  mile,  and  the  average  haul  from 
the  pipe  yards  was  2.4  miles.  In  the  above  table  $0.30  per  ton 
per  mile  is  used,  with  an  average  haul  of  2|  miles. 
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TABLE 

Actual  Cost  to  Metropolitan  Water 
Exclusive  of  Expense  for 


i 

■B 

eg 

E 

5 

In. 

Lensth 

Section. 

Feet. 

Pipes.  Specials,  Valves, 

and  Manhole  Covers, 

etc. 

Contract 

Year 
Laid 

Earth  Excavation  and 

Refilling, 

Pipe  Laying,  Building 

Chambers,  etc. 

Rock  Excavation. 

Cost. 

Cost 
per  Foot. 

Cost. 

Cost 
per  Foot. 

Cost. 

Cost 
per  Foot. 

1896-7 

4 

48 

18  804 

§152  887  80 

.$8  07 

$49  576  98 

$■1  64 

1896 

2 

48 

20  354 

140  309  03 

6  89 

39  517  92 

194 

$1818  00 

$009 

1896 

7 

48 

13  630 

95  092  33 

7  02 

36  809  13 

2  70 

4  146  50 

031 

1897-8 

9 

48 

11968 

85  276  33 

715 

20  722  15 

173 

496  00 

0  04 

18^-7 

11 

48 

15102 

101 746  36 

6  73 

41  619  46 

2  77 

1  402  50 

0  09 

1897-8 

19 

48 

18  118 

129  917  57 

716 

42  830  92 

2  36 

5  344  50 

0  29 

1897 

13 

36 

11141 

55  836  01 

5  01 

26  537  44 

2  38 

11  205  00 

100 

1898 

20 

36 

17  413 

79  729  45 

4  57 

25  644  82 

147 

3  007  92 

018 

1897 

23 

36 

8  317 

32  775  25 

3  94 

9  895  24 

119 

1896 

14 

30 

7  231 

27  969  64 

3  86 

7  918  84 

109 

950  40 

013 

1896 

15 

24 

4  252 

10  260  91 

2  41 

3  712  71 

0  87 

127  75 

0  03 

1897 

21 

24 

15  412 

35  395  47 

2  29 

13  462  66 

0  87 

336  00 

0  02 

1896 

15 

20 

9  742 

19  285  SO 

198 

7  774  96 

0  80 

36  02 

0  003 

1897 

24 

20 

11537 

19  818  81 

172 

10  392  10 

0  90 

1896 

16 

16 

10108 

13  165  95 

130 

4  704  59 

0  47 

18  30 

. 

1898 

26' 

16 

18  246 

23  921  48 

131 

10  550  04 

0  58 

15  00 

1898 

27 

16 

11255 

13  816  08 

123 

7  067  09 

0  63 

2120 

1898 

25 

16 

5  010 

6  607  75 

132 

2  465  76 

0  46 

2910 

1S9S 

16 

12 

3  880 

3  576  30 

0  92 

2  374  48 

0  61 

0  75 

0  00 

1002 

30 

12 

8  625 

10  624  73 

123 

5  625  .38 

0  65 

320  90 

0  03 

1898 

27 

12 

3  067 

2  712  63 

0  88 

1  444  76 

0  47 

112  00 

0  03 
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No.  1. 

Works  of  Laying  Water  Pipes. 

Engineering  and  Inspection. 


Work. 

Additional  Acc't. 

Total 
Cost 
per 
Foot 

Average 
Cost 

Linear 

Extra  Work,  Change 

In  Location,  Pipes, 

etc. 

Expense  for  Labor 
and  Materials  not 
otherwse  included. 

REMARKS. 

as  Laid. 

Foot. 

Cost. 

Cost 
per  Foot. 

Cost. 

Cost 
per  Foot. 

§158  35 

.$0  01 

$11  042  11 

$0  61 

$11  32 

1 

City  streets,  either  paved  or 
niacadumized. 

3  385  98 

016 

9  08 

Macadamized  roads  and  bridle 
path  of  boulevard. 

2  243  31 

016 

4  960  95 

0  36 

10  08 

1 

Macadamized  and  gravel  roads. 

1  501  29 

013 

2  645  20 

0  22 

910 

J-SIOIO 

Macadamized  streets. 

1  567  45 

010 

11217  69 

0  75 

1128 

Macadamized  streets. 

2  637  49 

015 

6  000  03 

0  33 

9  85 

1 

J 

Macadamized  streets,  gravel 
roads  and  bridle  path. 

1  600  39 

014 

1  952  16 

017 

7  56 

1 

1 

Macadamized  streets,  gravel 
roads  and  unbroken  woodland. 

2  021 16 

012 

1  376  45 

0  08 

6  42 

6  35 

5  90 

Macadamized  streets. 

1  204  27 

014 

5  27 

Macadamized  city  streets . 

2  890  57 

0  40 

3 181  98 

044 

5  92 

Macadamized  city  streets. 

77  06 

0  02 

189  68 

0  04 

3  37 

] 

Macadamized  city   streets    and 

2  733  48 

018 

2  533  26 

016 

3  52 

1-  3  50 

J 

gravel  roads. 
jVIacadamized    city   streets   and 
gravel  town  roads. 

274  79 

0  03 

442  60 

0  05 

2  86 

1 

Macadamized  city  streets  and 
gravel  town  roads. 

331565 

0  29 

2  91 

1-   290 

i 

J 

Gravel  town  roads  and  mac- 
adamized streets,  excluding 
cost  of  840  lin.  ft.  approaches 
and  310  lin.  ft.  under  Charles 
River,  cost  $7  721  24. 

202  22 

0  02 

487  29 

0  05 

184 

1 

Gravel  town  roads. 

1  022  64 

0  06 

3  503  85 

019 

214 

j-   210 

Gravel  town  roads,  and  includ- 
ing three  stream  crossings  on 

highway  bridges. 

2  475  61 

0  22 

3  776  90 

0  38 

2  46 

Paved  city  streets,  many  local 
obstructions. 

168  48 

0  03 

638  45 

013 

194 

J 

Gravel  town  roads. 

7189 

0  02 

208  84 

0  05 

160 

Gravel  town  roads. 

342  53 

0  04 

1  698  35 

0  20 

215 

-   193 

Gravel  town  roads,  excluding 
cost  of  146  lin.  ft.  laid  under 
Neponset    River,    $2  003   51. 

Cost  was  increased  by  price 

i 

of  c.  i.  pipe  being  40%  higher 

1 

than  other  contracts. 

80  00 

0  03 

1  003  98 

0  33 

174 

1 

J 

Paved  or  macadamized  city 
streets. 
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TABLE   No.    2. 

Prices  Bid  for    Laying  Water  Pipe  — Metropolitan  Water 
Works. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

Date. 

Contract 
No. 

Number 

of 

Bids. 

Diam. 
Pipe. 
Inches. 

Highest 
Bid. 

Lowest 
Bid. 

Average 

of 

Bids. 

General 
Average. 

1898 

Ill 

3 

12 

$0  73 

$0  56 

$0  67 

1898 

134 

4 

0  75 

0  45 

0  60 

1902 

239 

4 

115 

0  53 

0  71 

$0  66 

1896 

41 

11 

16 

0  89 

0  45 

0  65 

1897 

.58 

10 

0  95 

0  47 

0  68 

1898 

133 

10 

0  85 

0  53 

0  68 

1898 

134 

4 

0  80 

0  65 

0  72 

0  68 

1896 

29 

4 

20 

133 

0  73 

0  96 

1896 

42 

13 

0  96 

0  62 

0  78 

1897 

77 

16 

0  95 

0  59 

0  69 

1898 

113 

5 

3  00 

0  73 

111 

1899 

155 

14 

150 

0  60 

0  91 

1901 

207 

6 

195 

1  08 

140 

0  97 

1899 

155 

14 

24 

180 

0  60 

0  97 

1901 

207 

6 

195 

125 

147 

1896 

29 

4 

1  47 

0  83 

109 

]897 

79 

12 

115 

0  68 

0  87 

110 

1896 

39 

8 

30 

2  27 

0  92 

142 

142 

1896 

30 

4 

36 

190 

138 

167 

1897 

64 

19 

2  65 

0  98 

155 

1897 

70 

14 

185 

106 

1  36 

1898 

109 

11 

189 

0  98 

118 

144 

1897 

60 

10 

42 

.  3  30 

130 

2  25 

2  25 

1897 

60 

10 

48 

3  34 

160 

2  27 

1896 

30 

4 

2  35 

192 

2  08 

1896 

31 

6 

2  60 

1  79 

2  28 

1896  . 

33 

5 

2  73 

2  24 

2  57 

1897 

58 

10 

3  85 

181 

2  28 

1897 

59 

13 

3  45 

1  63 

2  19 

1897 

66 

15 

3  24 

125 

2  08 

1897 

71 

13 

2  37 

1  70 

197 

1897 

75 

6 

2  68 

1  55 

2  05 

1897 

92 

9 

3  10 

149 

197 

1898 

114 

3 

2  75 

1  85 

2  18 

1898 

124 

5 

2  25 

180 

193 

1902 

231 

7 

4  05 

2  21 

2  43 

]902 

235 

6 

3  25 

2  21 

2  54 

1902 

237 

7 

3  35 

2  19 

2  61 

2  23 

1898 

112 

7 

60 

5  20 

2  26 

3  40 

1902 

251 

6 

9  00 

3  25 

3  91 

1902 

240 

7 

3  50 

180 

2  99 

3  40 

Note-  — Prices  given  in  this  table  are  those  bid  for  laying  water  pipe,  and  do  not  in- 
clude rock  excavation,  buijdlng  chambers,  or  extra  work.  Earth  excavation,  refilling, 
and  pipe  work  are  included. 


SAVILLE, 


223 


Is 

15 

g§ 

3!^ 

cir: 

f-t  s 

^8 

ss 

Sr^ 

'5L? 

?;f2 

^^ 

5)'.^ 

«■'"' 

C^Tl 

aid 

(MCO 

CO-* 

-i5d 

!D06 

OlO 

^00 

^^ 

1! 

sg 

'€^ 

SIS 

T-Z 

gg 

i-:o 

s^5 

^§ 

r~9j 

ss 

s^ 

S51 

s^ 

O'O 

oo 

O'  o 

O'O 

(M!M 

S^ffl 

coco 

g 

^^ 

^!^ 

Ot-( 

g.^ 

3S 

-J, 

i^M 

-f?? 

32 

t;l5 

g,^ 

g2 

s 

s* 

do 

do 

o  o 

o  o 

O'  o 

O'O 

O  =: 

.. 

li 

oo 

oo 
oo 

•ll 

11 

§2 

oo 

oo 

J5!:? 

OiO 

t^8 

il 

^1 

s^ 

|i 

a" 

o© 

oo 

O'O 

O'O 

oo 

oo 

oo 

oo 

oo 

OO' 

oo 

"H 

II 

§1 

u^ 

11 

II 

—  s 

ii 

S2 

ii 

?i 

s? 

§i 

^* 

oo 

oo 

oo 

o  o 

o  o 

^" 

oo 

o  o 

oo 

oo 

oo 

.11 

m 

o  o 

oo 

oo 

li 

oo 

s^? 

11 

12  2 

ii 

^2 

s§ 

T*  6  "1 

a* 

oo 

oo 

o  o 

oo 

oo 

oo 

oo 

=:  O 

oo 

oo 

OO' 

iM 

S'^ 

f.B 

So 

-+0 

ss 

g'r^ 

.rj-H 

rti 

ss 

S?5 

^^ 

s^ 

^^ 

rt(M 

rHTl 

71  CM 

(MCt 

oourt 

-ht- 

t-(M 

C50 

^•oo 

'"  'S 

^3  ^ 

IS 

ii 

Ss 

11 

ii 

ii 

Ss 

g^ 

ii 

oo  ' 

(MO 

o5o 

o» 

oo 

O'O 

o  o 

oo 

oo 

oo 

oo 

oo 

oo 

oo 

oo 

oo 

5 

III 
III 

II 

oo 
oS 

S2 

S2 

ei 

oo 

ii 

3oo 

lg 

S2 

oo 

§s 

i-((M 

(M03 

<M-* 

eoo 

-*t- 

oo 

t-(M 

00  lO 

ti  1 

<m 

<<s 

^a 

^a 

<^ 

<\A 

^w 

<iJH 

<^ 

<^ 

-<w 

<!W 

(M 

;h 

o 

OD 

f. 

?J 

^ 

l§ 

s; 

-^ 

s 

s 

224  PIPES  AND   PIPE    LAYING. 

Lead.  —  From  the  actual  amount  paid  for  lead  on  sixteen  pipe- 
laying  contracts  having  a  total  length  of  pipe  laid  of  about  twenty- 
two  miles,  varying  in  diameter  from  12  inches  to  60  inches,  con- 
siderable variation  in  the  amount  of  lead  used  per  joint  is  shown. 
After  careful  examination,  however,  it  seems  that  the  extreme 
variations  are  due  to  well-explained  causes,  principally  in  careless- 
ness, in  putting  more  lead  into  the  joint  than  is  called  for,  and 
wasting  in  pouring  the  joints.  At  first  sight  it  may  seem  absurd 
that  a  contractor  would  not  be  more  than  wilhng  to  fill  a  joint 
with  yarn  rather  than  lead.  If,  however,  lead  is  cheap,  the  extra 
cost  of  the  labor  in  yarning,  added  to  the  risk  of  being  compelled 
to  remove  some  if  the  joint  is  too  full,  may  more  than  offset  the  cost 
of  the  extra  lead.  From  experience  on  this  work  it  appears  that 
the  rule  given  by  Mr.  Brackett  of  2  X  diameter  of  pipe  in  inches 
=  lbs.  of  lead  per  joint,  will  cover  reasonable  use  for  straight  Une 
work  and  will  include  the  extra  joints  necessitated  by  valves, 
specials,  short  lengths,  and  soUd  joints.  In  order,  however,  to 
provide  for  carelessness  and  to  include  also  in  the  straight  line  the 
lead  used  in  the  joints  of  blow-off  and  other  connections,  it  might 
be  well  to  add  two  per  cent,  to  this  figure.  In  connection  with 
the  cost  of  lead  it  may  not  be  generally  known  that  the  dross  is 
worth  saving,  as  it  can  be  sold  to  the  lead  manufacturers.  In 
making  up  the  cost  in  the  above  table  the  cost  of  lead  is  found  by 

2  X  diameter  of  pipe  in  inches      ^  __  .       ^,    ^       ,      . 
X  ?h.05,  assummg  that  as  lead  can 

usually  be  delivered  for  less  than  five  cents  per  pound,  the  differ- 
ence in  cost  will  cover  any  deficiency  in  amount. 

MISCELLANEOUS    EXPENSES. 

Tools.  —  From  careful  inventory  of  the  tools  used  on  a  large 
contract  before  and  after  the  work,  and  by  inquiries  among  sev- 
eral extensive  contractors,  it  was  estimated  that  the  tools  remain- 
ing after  the  work  was  done  had  depreciated  about  one  half  in 
value.  This,  added  to  the  cost  of  those  used  up  and  lost,  was 
found  to  be  about  four  per  cent,  of  the  average  cost  per  linear  foot 
of  the  contract  work. 

Insurance  and  Incidental  Expense.  —  Based  on  bond  costing 
one  half  per  cent,  of  amount  insured,  accident  pohcy  costing 
three  per  cent,  of  labor  pay-roll,  and  incidental  expenses,  one  per 
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cent,  of  labor  pay  roll,  this  item  is  estimated  at  3.2  per  cent,  of  the 
total  cost  per  linear  foot. 

Lumber,  Yarn,  etc.  —  Based  on  the  accounts  kept  on  a  number 
of  contracts  where  particular  attention  was  given  to  these  items, 
a  fair  allowance  was  estimated  to  be  about  2.8  per  cent,  of  the 
total  cost  of  the  contract.  The  allowance,  then,  for  the  three  pre- 
ceding items  is  taken  in  the  tables  as  10  per  cent,  of  the  cost  of 
pipe  laying. 

Labor.  —  The  cost  of  this  item  is  in  a  general  way  based  on  the 
contract  prices  given  in  Table  No.  2.  It  is,  however,  increased 
somewhat  to  conform  with  the  current  price  of  labor,  which  is 
estimated  to  be  about  ten  per  cent,  higher  than  it  was  four  or 
five  years  ago. 

In  a  general  way,  the  cost  of  labor  at  the  present  time  mav  be 
taken  as  follows: 

Foreman,  $100  per  month. 

Subforeman,  .$3  per  day. 

Calkers  and  j'arners,  $2.50  per  day. 

Laborers,  1st  class,  $1.75  per  day;  2d  class,  $1.60  per  day. 

Double  team  and  driver,  $0.45  per  hour. 

Single  team  and  driver,  $0.30  per  hour. 

In  addition  to  the  cost  per  linear  foot  for  laying  the  pipe,  the 
following  items  should  also  be  considered  in  making  estimates : 

Change  in  he  Hon  of  existing  work,  and  extra  work.  —  In  the 
progress  of  the  pipe  laying  some  work  has  to  be  done  usually  for 
which  no  contract  price  is  made. 

For  this  work  the  contractor  receives  the  actual  cost  plus  fif- 
teen per  cent.  It  is  made  up  in  the  estimate  for  payment  under 
one  of  two  headings:  first,  ''change  in  location,"  which  is  local  in 
its  character,  being  confined  to  those  portions  of  the  location  where 
structures  already  exist;  second,  miscellaneous  work  of  any  kind 
previously  mentioned.  This  work  extends  over  the  entire  loca- 
tion. In  giving  the  following  costs,  that  per  foot  for  the  first 
class  is  based  on  the  actual  length  of  line  in  which  obstructions 
were  found,  and  is  estimated  to  be  an  average  of  $0.09  per 
linear  foot,  with  a  variation  from  $0.01  to  $0.30  per  linear  foot. 
These  figures  covered  38  miles  out  of  a  total  of  62  miles  of  pipe 
laid,  varying  in  size  from  12  to  60  inches  in  diameter.  The 
second  item,  "extra  work,"  is  taken  from  the  cost  on  the  above 
62  miles,  covering  36  pipe-laying  contracts,  and  is  estimated  to 
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be  an  average  of  SO. 03  per  linear  foot  and  to  vary  from  $0,002  to 
$0.11. 

The  following  costs  are  given  as  about  the  amount  usually 
received  on  contract  bids :  — 

Rock  above  grade,  $3.50  per  cubic  yard. 

Rock  below  grade,  $5.00  per  cubic  yard. 

Setting  air  valves,  $3.50  each. 

Chambers  for  valves  20  inches  in  diameter  and  larger,  $50.00  each. 

Chambers  for  valves  16  inches  in  diameter  and  smaller,  including  those  for 
air  valves,  $40.00. 

Acknowledgment.  In  the  preparation  of  this  article  I  am 
greatly  indebted  to  the  members  of  the  Metropolitan  Water 
Works  force,  and  especially  to  Division  Engineers  W.  E.  Foss 
and  J.  L.  Howard,  for  their  kindness  and  courtesy. 


DISCUSSION. 

Mr.  H.  G.  Holden.  I  should  Hke  to  inquire  if  any  provision 
was  made  for  contraction  on  exposed  places. 

Mr.  Saville.  The  pipe  lines  were  not  exposed  to  any  ex- 
tent. I  think  the  only  place  where  they  are  really  exposed  is 
the  36-inch  pipe  across  Stony  Brook.  That  was  only  about 
34  or  35  feet  long  where  exposed.  The  other  pipes  are  covered 
in  some  way. 

Mr.  George  E.  Winslow.  I  would  like  to  ask  with  regard 
to  these  taper  joints  which  were  spoken  of  where  they  put  down 
three  pieces  in  a  section.  Was  there  any  means  provided  for 
holding  those  against  expansion?  The  reason  I  speak  of  it  is, 
I  should  naturally  think  if  there  was  any  expansion  the  taper 
joint  would  give  as  quick  or  quicker  than  any  other  part  of  it 
and  might  work  out  of  place. 

Mr.  Saville.  In  the  Mystic  River  crossing,  where  the  cross- 
ing was  about  one  thousand  feet  long,  there  is  a  good  deal  of 
pipe  to  back  up  this  taper  joint.  There  was  no  provision  to  pre- 
vent the  joints  from  pulling  out. 

Mr.  Dexter  Brackett.  I  will  say  that  we  have  had,  and  I 
think  we  shall  continue  to  have,  leakage  at  these  taper  joints  due 
to  contraction  of  the  pipes.  With  the  change  in  the  temperature 
of  the  water   from  .72  degrees  in  summer  to  36  degrees  in  the 
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winter  we  find  that  leaks  develop  in  the  fall  or  eavij  winter  on 
the  joints  in  the  pipes  crossing  the  rivers,  and  these  leaks  gener- 
ally occur  at  the  taper  joints. 

Mr.  Holden.     How  are  these  leaks  repaired? 

Mr.  Brackett.  By  re-calking,  and  in  some  cases  by  bolt- 
ing the  joints  together,  the  work  being  done  by  a  diver. 

Mr.  Robert  L.  Cochran.  I  came  here  this  afternoon  to  see 
if  I  could  get  a  little  information,  and  I  think  I  have  come  to  the 
right  place.  I  am  connected  with  a  small  plant  in  Nahant,  and  I 
have  been  a  member  of  the  Association  for  a  good  many  years, 
but  I  beHeve  this  is  the  first  time  I  have  ever  had  the  pleasure  of 
standing  up  here  before  you.  We  are  supplied  in  Nahant  now 
by  the  Metropolitan  system.  We  have  about  11  000  feet  of  10- 
inch  pipe  across  the  beach,  which  has  been  in  for  twelve  or  four- 
teen years,  and  last  summer  we  concluded  to  increase  our  pipe 
sizes,  and  we  were  attached  on  to  the  Metropohtan  system,  and 
they  advised  us  to  have  a  standpipe.  Mr.  Coffin  was  the  engi- 
neer who  had  charge  of  its  construction.  It  is  95  feet  high  and 
30  feet  across.  This  winter  we  have  had  considerable  trouble. 
In  the  summer  time  the  10-inch  pipe  will  not  supply  us  with  water, 
that  is,  during  four  of  five  months,  but  Mr.  Doane  tells  me  that  at 
the  present  time  he  could  supply  all  we  use  with  an  inch  pipe.  I 
understand  from  Mr.  Coffin  that  our  standpipe  holds  400  000  gal- 
lons of  w^ater.  Well,  I  used  to  scratch  my  head  these  cold  nights 
and  wonder  how  I  was  going  to  keep  the  pipe  from  freezing.  I 
was  advised  to  shut  off  the  supply  from  the  town,  and  let  the 
town  use  it,  but  the  town  would  n't  use  a  foot  of  water  out  of  that 
pipe  all  day,  and  then  what  was  I  going  to  do  in  case  of  fire?  I 
would  have  to  turn  on  the  supply  again.  I  used  to  go  and  look  at 
the  gage,  and  a  week  ago  last  Sunday,  the  first  day  of  February, 
I  found  the  water  had  run  down  to  about  75  feet  in  the  standpipe, 
where  w^e  are  supposed  to  have  85  feet.  I  hunted  around  all  day 
to  try  to  find  out  where  the  leak  was,  but  could  n't  find  any.  I 
ought  to  have  mentioned  that  they  have  a  regulator  which  re- 
duces our  pressure  to  so  many  pounds  on  the  beach,  and  they 
don't  allow^  us  to  touch  that.  So  I  said  the  thing  to  do  is  to  send 
for  the  doctor ;  and  on  Monday  morning  Mr.  Killam  came 
down,  and  he  said,  "The  regulator  isn't  working."  I  said, 
''Well,  you  are  the  man  to  fix  it."     So  he  fixed  it,  and  told  us 
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to  report  in  the  morning.  Well,  I  went  and  saw  it  in  the  morning 
and  it  registered  94  feet,  and  of  course  the  pipe  ought  to  overflow, 
but  it  did  n't  overflow,  and  I  found  out  that  the  ice  had  ex- 
tended up  seven  feet  above  the'  top  of  the  tank.  I  sent  for  the 
"doctor"  again,  and  we  shut  off  the  town  and  let  them  use  the 
water  out  of  the  standpipe,  and  the  ice  still  stood  there.  Now,  I 
have  come  here  to  ask  the  cause  of  that ;  and  if  any  other  mem- 
ber has  a  standpipe  that  acts  that  way,  I  would  hke  to  have  him 
tell  me  what  I  can  do  to  prevent  it. 

The  President.  There  ought  to  be  somebody  here  who  can 
tell  him  what  ought  to  be  done. 

Mr.  Dexter  Brackett.  I  have  had  no  experience  with 
standpipes  similar  to  that  described  by  Mr.  Cochran,  but  I  should 
suppose  that  it  was  due  to  the  freezing  of  the  water  around  the 
sides  of  the  standpipe,  and  that  when  the  water  rose  it  carried  the 
ice  up  with  it.  I  think  the  gentleman  at  your  right  (Mr.  Merrill) 
has  had  some  experience  with  ice  forming  on  the  inside  of  a  stand- 
pipe. 

The  President.  Mr.  Merrill,  will  you  tell  us  something  about 
it? 

Mr.  Frank  E.  Merrill.  Mr.  Presidentj  we  did  have  a  stand- 
pipe  in  Somerville  at  one  time,  but  it  has  been  removed,  and  at  the 
present  time  we  have  nothing  of  the  sort.  Mr.  Brackett  refers  to 
some  experience  that  I  have  had,  and  I  was  trying  to  think  what 
it  was.  I  do  remember  now  that  a  httle  ice  formed  in  that  stand- 
pipe  one  winter,  but  there  was  only  a  shght  motion  to  it,  because 
we  kept  the  pipe  pretty  well  filled  most  of  the  time.  But  the  ice 
did  at  one  time  move  sufficiently  to  pull  a  bolt  which  held  the 
-ladder  on  the  inside  of  the  standpipe  in  position  out  of  its  hole. 
It  did  n't  require  very  much  movement  of  the  ice  to  do  that,  but 
the  people  in  Somerville  and  some  of  the  newspapers  in  Boston 
got  hold  of  the  story,  and  one  would  have  thought  from  the  de- 
scription given  of  it  that  the  standpipe  was  about  ready  to  col- 
lapse. It  was  a  very  simple  matter  to  fix  it.  All  it  was  necessary 
to  do  was  to  draw  the  water  down  below  the  bolt  hole,  which  was, 
as  I  remember,  about  two  thirds  of  the  distance  from  the  bottom 
to  the  top  of  the  pipe;  and  I  merely  put  a  plug  into  the  bolt  hole, 
knowing  that  the  standpipe  was  to  come  down,  or  presuming  it 
was  to  come  down  in  a  short  time,   and  not  thinking  it  worth 
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while  to  put  the  ladder  back  into  position  securely.  The  ladder 
was  rarely  used,  anyway,  it  being  the  inside  ladder.  I  think  this 
is  all  the  experience  with  ice  in  a  standpipe  that  I  have  ever  had. 
Since  the  introduction  of  the  Metropolitan  high  service  system 
into  Somerville,  pressure  is  supplied  to  us  from  Spot  Pond  Reser- 
voir and  the  standpipe  has  been  removed. 

Mr.  Brackett.  The  point  I  wished  to  make  with  regard  to 
the  Somerville  standpipe,  and  not  particularly  with  regard  to  that 
more  than  any  other,  was  that  I  think  it  is  a  fact  that  it  was  found 
that  a  very  large  amount  of  ice  formed  on  the  inside  of  the  stand- 
pipe,  even  from  the  top  to  the  bottom.  I  think  this  occurs  in  a 
great  many  standpipes.  In  cases  where  towns  are  supplied  with 
ground  water,  that  has  a  temperature  of  perhaps  45  or  50  degrees 
when  it  is  pumped  into  the  standpipe,  less  trouble  from  freezing 
occurs  than  in  cases  where  the  water  is  taken  from  a  pond  or 
stream  with  a  temperature  of  from  36  to  38  degrees.  I  have  seri- 
ous doubts  as  to  the  advisability  of  pumping  water  into  a  stand- 
pipe  at  a  temperature  of  36  degrees  unless  the  standpipe  is  housed 
in,  and  I  should  very  much  prefer  that  it  should  be  housed  in 
in  any  case.  We  have  one  standpipe  which  has  been  recently 
constructed  with  a  tower  around  it,  and  observations  taken  there 
this  winter  show  that  no  ice  forms  to  do  any  injury.  During  the 
coldest  weather  a  thin  coating  of  ice  has  formed  on  the  top  sur- 
face, which  soon  breaks  up,  forming  a  slushy  mixture  but  no  solid 
ice. 

To  return  again  to  the  subject  of  pipe  laying,  we  have  with  us 
to-day  a  gentleman  who,  I  think,  has  had  some  recent  experience 
with  pipe  laying  under  water  in  connection  with  the  East  Jersey 
Works,  Mr.  Cook,  and  perhaps  he  will  be  able  to  tell  us  something 
of  interest. 

Mr.  J.  H,  Cook.  I  really  have  n't  very  much  to  say  about 
pipe  laying  under  water.  We  have  six  16-inch  pipes  under  the 
Passaic  River,  which  have  been  in  about  ten  years  or  a  little  longer. 
They  are  very  hea\y  wrought-iron  pipes,  and  are  connected  by 
ordinary  screw  joints.  They  were  hauled  into  a  trench,  and,  as 
I  say,  they  have  been  in  about  ten  years,  and  they  do  not  leak. 
We  have  tested  them  recently  by  means  of  a  small  meter  placed 
on  a  by-pass,  and  have  found  them  to  be  tight.  What  Mr, 
Brackett  refers  to  is  probably  the  72-inch  pipe  which  has  been 
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put  in  by  the  Jersey  City  Water  Supply  Company  to  supply 
Jersey  City.  This  pipe  has  recently  been  put  across  the  Hacken- 
sack  River,  and  they  got  it  across  very  nicely.  It  was  a  pipe 
which  was  covered  with  concrete  rings,  and  was  placed  in  a 
trench,  and  everything  seemed  lovely,  but  a  slight  leak  did  de- 
velop. The  leak  has  been  repaired,  but  I  really  can't  say  very 
much  about  the  details  of  the  work  or  much  about  the  repairing 
of  the  leak  itself. 
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March  Meeting. 

Hotel  Brunswick, 
Boston,  March  11,  1903. 

Charles  K.  Walker,  President,  in  the  chair. 

The  following  members  and  guests  were  present:  — 

Members. 

S.  A.  Agnew,  F.  E.  Appleton,  Charles  H.  Baldwin,  L.  M.  Bancroft,  J.  E. 
Beals,  J.  W.  Blackmer,  George  Bowers,  E.  C.  Brooks,  E.  W.  Bush,  J.  W. 
ChurchUl,  J.  T.  Cavanagh,  George  F.  Chace,  John  C.  Chase,  F.  C.  Coffin,  R. 
C.  P.  Coggeshall,  M.  F.  Collins,  H.  A.  Cook,  J.  W.  Crawford,  A.  O.  Doane  J. 
N.  Ferguson,  F.  F.  Forbes,  A.  D.  Fuller,  F.  L.  Fuller,  D.  H.  Gilderson,  F.  W. 
Gow,  R.  A.  Hale,  J.  O.  Hall,  E.  A.  W.  Hammatt,  J.  C.  Hammond,  Jr.,  E.  W. 
Kent,  Willard  Kent,  C.  F.  Knowlton,  James  W.  Locke,  H.  V.  Macksey,  F.  A. 
Mclnnes,  F.  E.  Merrill,  F.  L.  Northrop,  Dwight  Porter,  W.  W.  Robertson 
A.  T.  Safford,  C.  W.  Sherman,  J.  E.  Smith,  J.  Waldo  Smith,  G.  H.  Snell,  G. 
A.  Stacy,  W.  F.  Sullivan,  C.  N.  Taylor,  L.  A.  Taylor,  R.  J.  Thomas,  H.  L. 
Thomas,  D.  N.  Tower,  W.  H.  Vaughn,  C.  K.  Walker,  F.  B.  WQkins,  G.  E. 
Winslow.  —  55. 

Associates. 

Harold  L.  Bond  &  Co.,  by  Harold  L.  Bond;  Wm.  V.  Briggs;  Builders  Iron 
Foundry,  by  F.  N.  Connet;  Chapman  Valve  Mfg.  Co.,  by  Edward  F.  Hughes; 
Coffin  Valve  Co.,  by  H.  L.  Weston;  M.  J.  Drummond,  by  Walter  J.  Drum- 
mond;  Hersey  Mfg.  Co.,  by  Albert  S.  Glover  and  Walter  C.  Hersey;  Henry  F. 
Jenks;  Lamb  &  Ritchie,  by  Harry  F.  Peck;  Lead  Lined  Iron  Pipe  Co.,  by 
Thomas  E.  Dwyer;  Mueller  Mfg.  Co.,  by  W.  L.  Dickel;  National  Meter  Co., 
by  C.  H.  Baldwin  and  J.  G.  Lufkin;  Pittsburg  Meter  Co.,  by  George  F.  Bai'd; 
Rensselaer  Mfg.  Co.,  by  Fred  S.  Bates;  A.  P.  Smith  Mfg.  Co.,  by  D.  F.  O'Brien 
and  M.  G.  Millikin;  Sweet  &  Doyle,  by  H.  L.  De Wolfe.  —  19. 

Guests. 

F.  L.  Weaver,  M.  J.  Dowd,  R.  J.  Crowley,  Water  Commissioners,  and  Mayor 
C.  H.  Howe,  Lowell,  Mass. ;  Lyman  J.  Webber,  Brockton,  Mass. ;  Theodore  P. 
Moorehead,  Foochow,  China;  John  W.  Lovett,  Beverly,  Mass.  ;  Edward 
Atkinson,  President  Boston  Manufacturers  Mutual  Fire  Insurance  Co.;  C.  L. 
Wilkins  and  K.  S.  Sweet,  Massachusetts  Institute  Technologv,  Boston,  Mass. 
—  10. 

(Names  counted  twice.  —  2.) 
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The  first  business  was  the  election  of  new  members.  The  Sec- 
retary presented  the  following  names  of  applicants,  all  of  whom 
had  been  duly  approved  by  the  Executive  Committee:  — 

For  Resident  Members. 

Kilburn  S.  Sweet,  Boston,  Instructor  in  Civil  Engineering, 
Massachusetts  Institute  of  Technology  ;  Guy  W.  Ricker,  Salem, 
Mass.,  engaged  in  general  civil  engineering  practice  ;  George  A. 
King,  Taunton,  Mass.,  Superintendent  Taunton  Water  Works; 
Lyman  J.  Webber,  Brockton,  Mass.,  Engineer  Water  Works 
Pumping  Station  and  Sewage  Pumping  Station. 

For  Non-Resident  Member. 

Charles  L.  Parmelee,  New  York,  Consulting  Engineer,  N.  Y. 
C.  J.  F.  Co.,  and  President  General  Construction  Company. 

By  direction  of  the  Association  the  Secretary  cast  one  ballot 
in  favor  of  the  applicants,  and  they  were  declared  elected. 

President  Walker  then  introduced  Mayor  Howe  of  Lowell, 
who  spoke  as  follows :  — 

Mayor  Howe.  Mr.  President  and  Gentlemen, —  I  suppose  the 
high  water  in  the  Merrimac  and  the  President  of  our  water  board 
are  responsible  for  my  being  here  to-day,  and  although  I  am  very 
glad  to  be  here,  yet  I  think  it  is  hardly  fair  to  call  upon  me  for 
any  remarks,  for  I  am  not  a  speaker.  If  the  water  takers  in  the 
communities  which  are  represented  here  could  see  the  volume  of 
water  which  is  going  through  Lowell  at  the  present  time  I  think 
they  would  kick  harder  against  their  water  rates  than  they  do 
now. 

I  believe  we  in  Lowell  have  the  best  water  in  the  world.  You 
ihight  draw  it  from  the  faucet  and  bottle  it  up  and  sell  it  for  any 
kind  of  fancy  spring  water  that  is  being  retailed  in  Boston  to-day. 
It  sparkles  like  champagne,  and  I  drink  it  in  preference  to  — 
well,  to  the  spring  water  that  my  people  buy.  (Thomas  did  n't 
tell  me  to  say  this.)  [Laughter.]  The  temperature  of  the  water 
in  the  summer  is  about  what  it  is  to-day,  and  the  water  is  always 
pure,  wholesome,  and  has  a  good,  clean  taste.  Now,  gentlemen^ 
I  know  that  there  are  those  here  who  are  going  to  talk  to  you 
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about  things  that  you  are  interested  in,  so  I  will  not  take  any 
more  of  your  time.     [Applause.] 

President  Walker.  I  am  glad  to  see  so  many  of  you  here 
to-day,  gentlemen,  and  I  congratulate  you  that  spring  has  come 
and  there  will  be  no  more  frozen  hydrants.  [Laughter.]  I  read 
in  the  Boston  Advertiser  the  other  day  that  there  was  a  great 
fire  in  Manchester  and  twenty  frozen  hydrants.  Really,  there 
were  three  hydrants  frozen  on  top  a  little,  but  when  the  story  got 
down  here,  the  number  had  grown  to  twenty.  I  knew  my  friends 
would  say  to  themselves,  "What  is  the  matter  with  Walker, 
twenty  hydrants  frozen  around  in  one  place?  "  but  I  thought 
they  would  n't  believe  it.  [Laughter.]  It  is  n't  so,  gentlemen; 
but  we  did  have  three  hydrants  that  stuck  on  top.  You  ought 
to  hear  the  papers  and  underwriters,  Hke  the  gentleman  here 
(Mr.  Atkinson),  go  for  me.  But  I  slept  all  right,  for  I  don't 
mind  what  people  say  about  me  because  I  have  got  accustomed 
to  hearing  them  say  'most  everything.  Still  I  am  glad  that  it 
is  March,  and  there  will  be  no  more  frozen  hydrants.  [Laugh- 
ter.] 

The  President  then  called  on  Mr.  George  Bowers,  City  Engi- 
neer, Lowell,  Mass.,  to  read  his  paper  entitled,  "Underground 
Water;  Suggestions  on  How  to  Obtain  and  Care  for  It."  The 
subject  was  discussed  by  Mr.  Edward  Atkinson,  A.  O.  Doane, 
and  Charles  N.  Taylor. 

The  President  announced  that  the  Executive  Committee  had 
voted  that  the  September  convention  be  held  in  Montreal,  and 
the  June  meeting  in  Waltham,  and  that  Mr.  Winslow,  of  Wal- 
tham,  had  been  added  to  the  committee,  which  consisted  of  Ex- 
Presidents  Merrill  and  Holden,  to  arrange  for  the  June  meeting. 

Mr.  John  C.  Chase,  Cliief  Engineer  Water  Works  Company, 
Derry,  N.  H.,  then  read  a  paper  entitled,  "A  Little  Talk  about 
Water  Rates." 

Mr.  Edward  Atkinson,  President  Boston  Manufacturers  Mut- 
ual Fire  Insurance  Company,  Boston,  Mass.,  followed  with  a 
paper  entitled,  "Fuel;  What  we  Don't  Know  about  It."  Messrs. 
Charles  N.  Taylor,  Freeman  C.  Coffin,  E.  A.  W.  Hammatt,  Vice- 
President  Edwin  C.  Brooks,  and  Mr.  Atkinson  participated  in 
the  discussion  which  followed  the  reading  of  the  paper. 

Adjourned. 
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EXECUTIVE  COMMITTEE. 

RECORDS    OF    MEETING    OF    EXECUTIVE    COMMITTEE    OF    NEW     ENG- 
LAND   WATER    WORKS    ASSOCIATION,    MARCH    11,     1903. 

Present:  President  Charles  K.  Walker,  Horace  G.  Holden, 
Edwin  C.  Brooks,  J.  C.  Hammond,  Jr.,  Charles  W.  Sherman, 
R.  J.  Thomas,  L.  M.  Bancroft,  Edmund  W.  Kent,  George  A. 
Stacy,  Willard  Kent,  Frank  E.  Merrill. 

Five  applications  are  received  from  the  following  named  par- 
ties: Charles  L.  Parmelee,  of  Orange,  N.  J.;  Kilbiirn  S.  Sweet, 
of  Boston,  Mass.;  Guy  W.  Ricker,  of  Salem,  Mass.;  George  A. 
King,  of  Taunton,  Mass.;  Lyman  J.  Webber  of  Brockton,  Mass.; 
who  are  all  unanimously  recommended  for  membership  of  the 
Association. 

Consideration  is  given  to  place  of  holding  next  annual  con- 
vention, and  letters  are  read  from  Kenneth  Allen,  of  Atlantic 
City,  and  J.  0.  A.  LaForest,  Chief  Engineer,  of  Montreal.  On 
motion  of  Mr.  Thomas  it  is  voted  that  the  annual  convention 
be  held  at  Montreal,  and  that  the  present  committee,  consisting 
of  Messrs.  Holden  and  Merrill,  be  continued  with  full  power  to  act. 

The  place  of  the  June  meeting  is  then  considered,  a  letter  from 
Mr.  George  E.  Winslow  is  read  setting  forth  the  advantages  of 
Norumbega  Park  and  its  surroundings,  and  it  is  voted  that  the 
June  meeting  be  held  at  that  place  (Norumbega  Park),  with  ex- 
cursions to  points  of  interest  accessible  therefrom,  and  a  com- 
mittee consisting  of  Messrs.  Horace  G.  Holden,  Frank  E.  Merrill, 
and  George  E.  Winslow  are  appointed  to  make  the  necessary 
arrangements  therefor. 

Attest, 

WILLARD    KENT,  Secretary. 
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NEW    ENGLAND    WATER    WORKS    ASSOCIATION. 

The  following  tables  of  statistics  contain  more  or  less  complete 
statistics  for  forty-four  water  works,  which  have  used,  more  or  less 
closely,  the  form  adopted  by  the  Association  for  summarizing 
statistics.  Some  of  these  works  report  under  very  few  of  the 
headings  of  the  summary. 

The  Editor  has  made  no  attempt  to  compile  statistics  from 
water-works  reports  which  do  not  include  at  least  a  partial  sum- 
mary. 

The  report  of  the  Committee  on  I'niform  Statistics,  containing 
the  form  as  endorsed  for  use  in  the  1901  reports,  is  printed  on  page 
51  of  vol.  15  of  the  Journal  (March,  1<)02).  The  page  for 
Financial  Statistics  was  changed  by  vote  of  the  Association  in 
September,  1902,  as  reported  in  the  December,  1902,  Journal 
(vol.  16,  p.  263).  Blank  forms  for  use  in  preparing  summaries  are 
printed  by  the  Association,  and  will  be  furnished  on  request. 

Previous  compilations  of  statistics  may  be  found  in  the- Jour- 
nal, as  follows: 
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Vol. 
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Vol. 

IX, 
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XVI, 

p.  223 

236  WATER    WORKS    STATISTICS    FOR    THE    YEAR    1802. 

In  the  various  tabulations,  statistics  are  given  for  the  following 
places  and  years: 

Place.  '  Year 

1.  Albany,  N.  Y 1900 

2.  Andover,  Mass 1900 

3.  Arlington,  Mass 1900 

4.  Atlantic  City,  N.J 1898,  1900-02 

5.  Attleboro,  Mass 1894-1902 

6.  Bay  City,  Mich 1886-87,  1893-96,  1900-02 

7.  Belmont,  Mass 1902 

8.  Billerica,  Mass 1899-1902 

9.  Boston,  Mass 1886-94,  1897,  1900 

10.  Brockton,  Mass 1893-1902 

11.  Burlington,  Vt 1886-1902 

12.  Cambridge,  Mass 1900-02 

13.  Chelsea,  Mass 1900-02 

14.  Cleveland,  Ohio 1902 

15.  Concord,  N.  H 1895,  1898,  1900-02 

16.  Dover,  N.  H 1900 

17.  Erie,  Pa 1900 

18.  Essex  June,  Vt 1900 

19.  Fall  River.  Mass 1886-95,  1897-1902 

20.  Fitchburg,  Mass 1886-92,  1894-1902 

21.  Freeport,  Me 1901 

22.  Geneva,  N.  Y 1900 

23.  Haverhill,  Mass 1900 

24.  Holyoke,  Mass 1886-92,  1897-98,  1900-02 

25.  Hull,  England 1900 

26.  Ipswich,  Mass 1900 

27.  Keene,  N.  H 1899-1900 

28.  Lawrence,  Mass 1902 

29.  Leicester,  Mass 1900 

30.  Leominster,  Mass 1900 

31.  Lewiston,  Me 1900 

32.  Lowell,  Mass 1886,  1897-1902 

33.  Lynn,  Mass 1888-98,  1900-02 

34.  Madison,  Wis 1900,  1902 

35.  Manchester,   N.  H 1900 

36.  Marlborough,  Mass 1900 

37.  Maynard,  Mass 1901-02 

;^8.  Metropolitan  Water  Works,  Mass 1900-02 

39.  Middleboro,  Mass 1895-1902 

40.  Middletown,  Conn 1902 

41.  Minneapohs,   Minn 1900-02 

42.  Nantucket,  Mass.- 1900 
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43.  Nashua,  N.  H 1900 

44.  New  Bedford,  Mass 1886-1902 

45.  New  London,  Conn 1886-1902 

46.  Newton,  Mass 1888-1902 

47.  Norwich,  Conn 1901 

48.  Oberhn,  Ohio 1893-1902 

49.  Plymouth,  Mass 1886-1902 

50.  Providence,   R.I 1897-1902 

51.  Quincy,  Mass 1893,  1900-01 

52.  Reading,  Mass 1893,  1895-1902 

53.  Reading,  Pa 1901-02 

54.  St.  John,  N.  B 1902 

55.  Salem,  Mass 1900 

56.  Sandusky,  Ohio 1886 

57.  Schenectady,  N.  Y 1886,  1900-01 

58.  Somerville,  Mass 1900-02 

59.  Springfield,  Mass 1886-1902 

60.  Taunton,  Mass 1886-1902 

61.  Toronto,  Canada 1893 

62.  Trenton,  N.J 1886-87 

63.  Troy,   N.  Y 1886,  1888-93,  1897-99 

64.  Waltham,  Mass 1886-1902 

65.  Ware,  Mass 1886,  1888-92,  1900-02 

66.  Watertown,  Mass 1900 

67.  Wellesley,  Mass 1888-93,  1898-1902 

68.  Westerly,  R.I 1902 

69.  Whitman,  Mass 1897-1902 

70.  Wilmington,  Del 1900 

71.  Winchendon,  Mass 1900-02 

72.  Woburn,  Mass 1900-02 

73.  Woonsocket,  R.I 1886-1900,  1902 

74.  Worcester,  Mass 1900 

75.  Yonkers,  N.  Y 1893-96,  1900-02 
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the  folly  of  reckoning  by  gallons,  which 
differ  widely  in  canada  and  the  united 
states,  while  all  countries  have  identi- 
c;al  liters  and  cubic  meters. 

BY    FREDERICK    BROOKS,    C.    E.,    BOSTON,    MASS. 
[Prese7ited  September  10,  1903.] 

Thi.s  subject  is  commonplace  and  hackneyed.  It  suggests  that 
what  has  been  before  this  convention  should  be  reviewed  from 
the  metrological  standpoint.  The  facts  are  familiar;  and  for  that 
reason  their  importance  may  fail  to  be  appreciated  unless  especial 
effort  be  made  to  draw  attention  to  them.  Many,  perhaps  most, 
of  the  wrong  things  that  we  do  are  caused  by  thoughtlessness 
rather  than  depravity ;  and  it  is  desirable  that  we  take  advantage 
of  being  away  from  home  to  see  facts  in  a  new  light.  We  are  not 
merely  out  of  New  England,  but  out  of  the  United  States;  let  us 
look  at  ourselves  from  the  outside  and  see  ourselves  as  others  see 
us.  For  the  first  time  as  an  Association  we  are  in  Canada.  Canada 
is  an  intermediary  between  Old  England  and  the  United  States, 
being  closely  connected  politically  with  one  and  geographically 
with  the  other;  and  she  is  well  situated  for  leadership,  as  she  has 
left  both  those  countries  behind. 

DECIMALIZATION. 

In  this  city  of  Montreal  last  month  the  great  Congress  of  Cham- 
bers of  Commerce  from  all  parts  of  the  British  Empire  passed  a 
resolution  recommending  to  the  British  government  decimal 
coinage  for  the  empire.  In  decimalization  Canada  and  the  United 
States  have  left  England  behind,  having  adopted  dollars  and  cents 
and  abandoned  the  pound,  shilling  and  penny  reckoning  which 
they  formerly  used  and  which  England  continues  to  use.  Money 
deserves  prominent  mention  because  of  the  very  close  analogy 
that  exists,  extending  into  many  details,  between  the  change  in 
monetary  reckoning  and  the  change  in  weights  and  measures. 
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Our  decimalization  has  included  other  things  along  with  money; 
for  instance,  our  discussion  yesterday  brought  out  the  fact  that 
Canada  has  adopted  a  ton  of  2  000  pounds,  which  in  England  is 
called  the  "  colonial  "  ton,  so  that  the  hundredweight  in  America  is 
100  pounds,  not  as  in  England  112.  We  have  reckoned  lumber  by 
the  thousand  feet  of  board  measure,  instead  of  cubic  feet,  cubic 
yards  or  cords,  etc.;  and  slating  or  shinghng  by  the  "  square  "  of 
100  square  feet,  disregarding  square  yards ;  and  so  on.  In  reality  our 
decimalization  has  been  less  an  estabhshing  of  special  units  than 
a  mental  habit  of  reckoning  conformably  to  our  "  Arabic  "  nota- 
tion ;  and  that  habit  has  had  markedly  wider  exercise  in  America 
than  in  England.  I  doubt  if  any  kind  of  measure  can  be  named 
in  which  multiph'ing  or  subdividing  by  ten  has  not  been  intro- 
duced as  a  practice  among  us.  Try  such  as  pertain  to  water  works. 
At  this  convention  we  have  had  some  mention  of  annual  rainfall. 
Those  people  who  are  sure  that  12  inches  used  to  make  a  foot  and 
that  the  inch  was  divided  by  successive  bisections  hear  no  more 
of  a  rainfall  of  4  feet  3f  inches  than  they  do  of  a  barometric  read- 
ing of  2  feet  5  it  inches.  We  might  have  a  rainfall  of  51.62 
inches  in  a  year.  We  have  stuck  to  the  inch  and  used  our  decimal 
notation  for  expressing  multiples  of  the  inch  up  to  very  high  figures ; 
and  we  have  insisted  upon  writing  fractions  decimally.  With 
cast-iron  water  pipes  it  has  been  similar.  We  have  heard  praise 
given,  as  was  deserved,  to  this  Association's  committee  which 
recently  reported  on  Standard  Specifications  and  submitted  ex- 
tended tables  of  dimensions  of  pipes.  Diameters  go  up  to  65.20 
inches  and  thicknesses  go  down  to  0.34  of  an  inch;  but  there  is  no 
eighth  inch  or  sixteenth  inch  as  formerly  written,  and  no  foot 
expression  of  transverse  dimension.  Consumption  of  water  has 
afforded  another  instance  of  the  same  kind.  We  have  adhered 
to  the  little  unit  of  a  gallon  even  for  immense  quantities.  The 
million  of  gallons,  a  number  too  large  for  the  human  mind  to  pic- 
ture adequately  to  itself,  we  have  practically  made  our  unit  of 
higher  denomination,  ignoring  the  various  multiples  of  the  gallon 
that  belonged  to  our  old  tables  of  measures.  For  instance,  it  has 
been  exceptional  with  us  to  express  consumption  by  the  barrel, 
as  in  the  statement  made  this  morning  in  Mr.  Venner's  paper, 
that,  on  the  average,  two-thirds  of  a  barrel  of  water  per  day  was 
disposed  of  for  every  pupil  in  the  school-houses  of  Syracuse,  N.  Y. 


260 


THE  FOLLY  OF  RECKONING  BY  GALLONS. 


In  irrigation,  quantities  have  sometimes  been  expressed  by  the 
acre-foot.  In  both  these  cases  the  attempt  was  probably  to  use 
famihar  units  of  which  mental  conception  could  be  formed.  As 
for  small  quantities,  we  have  in  Table  No.  2  of  Mr.  Kimball's 
valuable  paper  on  "  Test  of  Water  Meters  "  put  before  us  this  morn- 
ing, two  decimals  of  gallons,  the  tenth  of  the  gallon  and  the  hun- 
dredth of  the  gallon ;  he  does  not  use  the  binary  subdivisions  —  the 
pint  and  gill  well  known  to  people  generally. 


RELATIONSHIP. 

It  is  all  very  well  to  note  that  we  left  Old  England  behind.  It  is 
less  flattering  to  our  vanity,  but  more  useful,  to  take  up  the  point 
in  which  we  were  left  behind  by  Canada  and  England.  This  was 
in  the  establishment  of  systematic  relations  between  units,  espe- 
cially the  relation  of  capacity  measure  to  weight  of  water.  Water 
was  taken  for  the  basis,  not  out  of  compliment  to  water-works 
men,  but  as  generally  recognized  to  be  the  proper  reference  in  both 
ancient  and  modern  weights  and  measures.  It  is  the  standard 
for  comparison  in  the  expression  of  specific  gravity.  The  British 
Imperial  gallon  was  made  to  hold  10  pounds  of  water;  going  up- 
wards and  downwards, — 


The  peck       holds    20  pounds. 
The  bushel       „        80      „ 
The  quarter     „       640      „ 
etc. 


The  quart  holds  2i  pounds. 

The  pmt  „       U 

The  fluid  ounce     „       1  ounce  (Av.) 
etc. 


Simple  relationship  has  thus  been  established  between  such  of 
these  units  as  are  specially  used  for  dry  measures  and  such  as  are 
specially  used  for  hquids.  In  the  British  Pharmacop8eia,the  refer- 
ence manual  of  the  apothecary,  the  avoirdupois  ounce  was  intro- 
duced. The  United  States  was  left  with  what  Great  Britain  long 
ago  abandoned,  separate  Hquid  and  dry  measures  without  any 
simple  precise  relations;  the  name  of  quart  we  have  applied  some- 
times to  a  dry  measure  and  sometimes  to  a  different  measure  for 
liquids.  We  thought  less  of  this  long-standing  difference  while 
pursuing  our  routine  work  at  home  than  we  do  on  coming  here  and 
listening  to  Mr.  Janin's  interesting  account  of  the  Montreal  Water 
Works  and  running  up  against  consumption  expressed  in  gallons 
about  20  per  cent,  larger  than  our  United  States  measure.  It  is 
here,  where  we  have  Canadian  members  with  minds  accustomed  to 
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Imperial  gallons,  that  Mr.  Kimball's  paper  is  presented  with  its 
tables  full  of  our  smaller  United  States  gallons.  The  question 
naturally  arises,  What  was  the  use  of  translating  the  results  into 
gallons  at  all?  The  water  meters  Mr.  Kimball  tested  read  in  cubic 
feet,  the  same  in  Great  Britain,  Canada,  and  the  United  States. 
He  uses  cubic  feet  in  two  different  parts  of  his  discussion  besides 
the  paragraph  referring  to  the  dials  of  the  water  meters.  That 
gallons  can  be  dispensed  with  in  accounts  is  illustrated  by  Presi- 
dent Walker's  speaking  hereof  a  price  per  100  cubic  feet  for  water 
consumed.  The  latest  edition  (October,  1902)  of  Trautwine's 
"Civil  Engineer's  Pocket-Book"  has  four  pages  occupied  with  long 
figures  for  the  interconversion  of  discharges  in  cubic  feet  per 
second  and  millions  of  gallons  per  day,  both  United  States  and 
Imperial,  an  instructive  exhibit  of  the  needless  labor  that  has  been 
imposed  upon  us  by  the  diversity  of  our  reckonings.  An  amusing 
instance  of  conflicting  gallons  appears  in  the  August,  1903,  Pro- 
ceedings of  the  American  Society  of  Civil  Engineers;  a  paper  on 
South  African  irrigation  mentions  the  price  of  "  HomeHght  " 
kerosene  oil  as  11  shilHngs  per  case  of  8^  Imperial  gallons;  Yankee 
readers  may  guess  that  it  was  10  United  States  gallons  when  the 
case  started  from  home. 

In  reality,  our  mental  habit,  even  in  the  United  States,  has  been 
to  insist  upon  having  relationship,  if  not  simple  and  precise,  then 
cumbrous  and  approximate.  Let  us  briefly  notice  some  relations 
that  had  to  do  with  water.  In  their  origin  the  old  measures  had 
relationship  which  has  long  lost  any  precision  it  ever  had.  Eight 
gallons  went  to  the  bushel  and  a  gallon  was  8  pounds;  according 
to  that  a  quart  was  2  pounds,  and  there  was  reason  in  the  first  half 
of  the  old  rhyme,  "  A  pint's  a  pound  the  world  around."  The 
United  States  fluid  ounce,  or  16th  part  of  a  United  States  pint,  has 
held  a  weight  of  water  about  5  per  cent,  less  than  the  ounce  weight 
used  in  the  United  States  Pharmacopoeia,  and  over  4  per  cent, 
more  than  the  avoirdupois  ounce.  The  "  tun  "  also  bears  witness 
to  ancient  relationship.  As  nearly  as  I  have  found  out,  the  word 
"  tun  "  meant  something  rounded,  like  a  tunnel,  a  cask.  Since  for 
centuries  commerce  has  included  large  shipments  of  several  liquids 
besides  molasses  in  large  casks,  the  capacity  of  vessels  has  been 
expressed  as  tunnage  or  tonnage;  and  with  their  burden  in  tons 
we  have  set  up  a  corresponding  large  unit  of  weight.      We  still 
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read  in  our  arithmetical  tables  that  four  hogsheads  make  1  tun 
and  that  the  barrel  is  half  a  hogshead  and  is  31^  gallons;  the  hogs- 
head, or  fourth  part  of  the  tun,  contains  252  quarts  according  to 
this  liquid  measure.  Another  measure,  called  the  "  quarter," 
containing  256  quarts  or  8  bushels,  and  appearing  to  have  been 
similarly  connected  with  the  tun  or  ton,  has  continued  in  use  from 
ancient  times  in  England,  having  been  a  very  well-known  unit  in 
the  grain  trade;  its  name  and  approximate  magnitude  are  preserved 
in  the  Imperial  measure  as  just  above  stated. 

We  have  carried  in  mind  a  number  of  other  relations  which, 
though  untrue,  were  well  invented;  as  that  7^  United  States  gallons, 
or  30  quarts,  were  equivalent  to  a  cubic  foot ;  a  cubic  foot  of  water, 
to  a  thousand  ounces;  Ij  cubic  feet  per  second,  to  a  million  United 
States  gallons  per  day;  and  the  water  contained  in  an  inch  pipe  a 
yard  long,  to  a  pound. 

SYSTEM  ADOPTED. 

Our  two  mental  habits  have  free  play  in  the  metric  system. 
Instead  of  our  ancient  division  of  a  tun  into  8  barrels,  we  now 
decimalize,  and  regard  the  nearly  equivalent  metric  ton  of  water 
as  consisting  of  10  hektoliters,  that  is  to  say,  ten  hundred  hters, 
and  the  quarter  part  of  it  as  250  liters  and  not  256  quarts  (quar- 
ter) nor  252  quarts  (hogshead).  Forgotten  relationship  is  restored. 
The  liter,  being  between  United  States  quart  and  British  quart, 
between  liquid  quart  and  dry  quart,  between  wine  C{uart  and 
beer  quart,  we  naturally  think  of  it  as  a  quart.  Everybody  knows 
the  size  in  the  form  of  a  bottle,  and  knows  how  much  its  weight 
is  reduced  by  the  extraction  of  its  liquid  contents.  That  furnishes 
the  commercial  unit  of  weight,  the  kilo,  or  thousandth  part  of 
the  ton.  The  name  ''liter"  corresponds  with  litron,  a  measure 
of  nearly  the  same  capacity  in  the  series  of  dry  measures  formerly 
in  use  in  Belgium,  in  France,  in  Louisiana  until  its  cession  to  the 
United  States  100  years  ago,  and  here  in  Canada,  where  its  use 
was  for  a  long  time  established  by  British  authority;  for  aught  I 
know  it  may  still  be  remembered  here.  The  kilo  of  water  or  the 
liter,  if  in  cubical  shape,  is  the  cube  of  1  decimeter,  the  measure 
of  a  length  which  is  perfectly  familiar  to  us  all,  being  practically 
the  same  as  the  "  hand,"  the  unit  of  measurement  of  height  of 
horses.  The  width  of  common  bricks  is  nearer  to  1  decimeter  than 
to  4  inches.     The  ordinary  dimension  of  scantlings  is  nearer  to  1 
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decimeter  than  to  4  inches.  One  decimeter  might  have  been  as 
correctly  used  as  4  inches  to  designate  the  dianietei'  of  the  pipes 
that  make  up  a  greater  length  than  any  other  size  in  the  schedule  of 
cast-iron  mains  in  this  city  submitted  to  this  convention  yesterday 
by  Superintendent  Janin;  for  the  difference  between  the  two  may 
be  neglected  in  view  of  the  variations  made  in  the  actual  interior 
diameters  of  pipes  of  the  same  nominal  size.  That  metric  measure 
can  easily  be  applied  to  existing  water-pipe  sizes  was  mentioned 
in  a  discussion  by  George  E.  Manning  when  the  report  of  the  Com- 
mittee on  Standard  Specifications  was  under  consideration,  as 
pulilished  a  year  ago  in  the  Journal  of  the  N.  E.  W.W.  A.,  vol.  16, 
p.  133.  The  metric  ton  of  water,  or  ten  hundred  liters,  if  in  cubical 
shape,  is  the  cube  of  10  decimeters  or  1  meter,  the  fundamental 
unit  of  length;  and  so  on.  The  relationship  extends  throughout 
the  system  instead  of  being,  as  with  old  measures,  exceptional, 
fictitious  or  obsolete.  We  have  the  same  basis  for  measurement 
of  excavation,  of  structural  work,  and  of  everything  else,  as  for 
quantity  of  water.  If  we  dig  out  a  number  of  cubic  meters  of 
earth  for  a  well,  that  number  of  cubic  meters  of  water  will  fill  it  to 
the  brim.  If  we  build  a  tank  to  metric  dimensions  and  compute 
its  capacity  as  a  number  of  cubic  meters,  it  will  hold  that  number 
of  tons  of  water.  If  our  filter  beds  take  care  of  1  000  cubic  meters 
per  hektar,  that's  100  liters  per  square  meter,  or  a  subsidence  of 
1  decimeter  measured  vertically.  Decimal  multiplying  and  sub- 
dividing likewise  extends  throughout  the  system,  instead  of  being, 
as  with  old  measures,  forced  in  where  it  conflicts  with  what  is  cus- 
tomary. If  for  every  child  in  the  Syracuse  schools  there  is  an  aver- 
age of  83  liters  of  water  per  day  disposed  of,  it  is  needless  to  add  the 
separate  statement  that  it  is  83  per  cent,  of  a  hektoliter.  If  the 
irrigation  engineer  has  in  his  mind's  eye  a  meter's  depth  of  water 
over  the  area  of  a  hektar,  that  is  10  000  cubic  meters,  or  10  000  000 
hters.  Trautwine  has  three  pages  mostly  occupied  with  figures 
for  the  interconversion  of  expressions  of  pressure  in  pounds  per 
square  inch,  pounds  per  square  foot,  and  head  of  water  in  inches 
and  in  feet;  the  exclusive  use  of  the  metric  system  would  make 
these  pages  unnecessary,  for  the  moving  of  the  decimal  point  does 
not  require  a  table  of  long  figures  to  exhibit  it;  a  pressure  of  1  kilo 
per  square  centimeter  or  10  metric  tons  per  square  meter  corre- 
sponds to  a  head  of  1  000  centimeters,  or  10  meters,  of  water. 
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Trautwine  has  a  table  of  about  a  page  for  the  conversion  of  inches 
and  32ds  into  feet  and  decimals,  which  could  be  dispensed  with 
if  all  multiples  and  subdivisions  went  by  tens;  he  has  no  table  for 
the  conversion  of  cents  and  mills  into  decimals  of  a  dollar. 

Our  inflexible  adherence  to  the  two  mental  habits  above  spoken 
of  would  have  sufficed  to  account  for  our  having  adopted  the  metric 
system,  even  if  we  had  not  been  forced  into  it  by  other  considera- 
tions, especially  the  development  of  electricity  and  the  growth  of 
international  trade.  Here  in  Montreal  three  weeks  ago  the  Con- 
gress of  Chambers  of  Commerce  of  the  British  Empire  passed  a 
resolution  favoring  the  completion  of  the  introduction  of  the  metric 
system  throughout  the  empire.  The  publishers  of  the  Canadian 
Engineer,  having  an  office  in  this  city,  have  published  a  metric 
chart,  a  copy  of  which  is  displayed  in  the  exhibition  room  for  water- 
works appliances  in  connection  with  this  convention.  The  latest 
revision  of  the  British  Pharmacopoeia  has  introduced  metric  weight 
and  measure  throughout.  The  United  States  Pharmacopoeia  has 
gone  further  and  completed  the  transition  by  omitting  the  old 
medley;  incongruous  ounces,  scruples,  minims,  and  all  are  aban- 
doned. We  can  hardly  take  up  a  newspaper  or  periodical  that 
has  not  some  use  of  metric  weights  and  measures  in  it.  The 
system  hits  us  on  every  side,  including  the  water-works  side. 
The  new  edition  (1903)  of  Professor  Merriman's  "Treatise  on 
Hydraulics  "  introduces  metric  data  and  tables  along  with  the 
old  units.  The  plan  of  the  Lawrence  filter  that  Mr.  ColHns 
showed  us  this  afternoon  had  figures  upon  it  in  millimeters  for 
the  sizes  of  sand.  The  paper  and  discussion  on  the  Physical 
Properties  of  Water  and  Turbidity  in  the  N.  E.  W.  W.  A. 
Journal  of  March  last  were  -mostly  in  metric  measure.  The 
recent  official  publication  of  the  report  of  the  water  purifica- 
tion investigation  at  New  Orleans,  of  which  Mr.  R.  S.  Weston 
gave  us  an  interesting  account  at  one  of  our  meetings  last 
winter,  shows  extensive  use  of  the  metric  system  as  well  as  of 
ancient  weights  and  measures.  It  is  a  significant  fact  that  the 
latest  edition  (October,  1902)  of  Trautwine's  "  Civil  Engineer's 
Pocket-book  "  has  fifty  pages  devoted  to  the  subject  of  weights 
and  measures;  its  extended  treatment  is  appropriate  to  the  present 
requirement  for^  accurate  translation  of  old  reckonings  ipto  the 
metric  system.     For  approximate  translations,  such  as  we  have 
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to  make  in  our  beads,  a  revised  table  is  submitted  herewith.  (See 
page  267.)  It  is  the  easier  to  remember, because  the  same  ratios  are 
used  repeatedly;  familiar  relations,  exact  or  inexact  among  the  old 
measures  are  adhered  to,  and  equivalents  are  carefully  grouped. 
As  the  hand  is  practically  a  decimeter,  the  yard,  being  9  times  as 
long,  is  9  decimeters.  The  American,  or  net,  ton  is  less  than  the 
EngUsh,  or  gross,  ton  by  over  10  per  cent. ;  as  the  Enghsh  is  about 
the  same  as  the  metric,  the  net  ton  corresponds  to  9  hektoliters  of 
water  or  900  kilos.  We  remember  the  net  ton  as  2  000  pounds,  the 
peck  of  water  as  20  pounds  and  the  United  States  Hquid  quart  as  2 
pounds;  that  is,  the  peck  is  a  hundredth  of  the  net  ton  and  is  9 
liters,  while  the  United  States  liquid  quart  is  a  tenth  of  the  peck 
and  is  0.9  of  a  liter  or  of  a  cubic  decimeter.  The  cubic  foot  is  30 
quarts,  hence  30  times  0.9,  or  27,  cubic  decimeters;  and,  if  of 
water,  weighs  27  kilograms.  The  ounce,  or  thousandth  part  of 
the  cubic  foot  of  water,  is  then  27  grams.  The  smaller  figures 
inserted  in  parentheses  are  accurate  enough  for  use  in  business 
transactions. 

WHAT   ARE    YOU    GOING    TO    DO    ABOUT    IT? 

There  are  a  number  of  things  to  be  done.  Let  each  of  us  post 
up  in  his  office  a  metric  chart,  the  Caiiadian  E^iginecr  pubUshers' 
or  any  other.  Let  it  be  the  rule  that  any  plan  of  importance 
enough  for  a  linear  scale  shall  have  a  metric  linear  scale,  and  let 
this  rule  be  enforced  upon  any  plans  published  in  the  Journal  of 
the  N.  E.  W.  W.  Association.  Let  us  make  known  to  the  Secre- 
tary of  the  Treasury  of  the  United  States  that  we  msh  the  metric 
system  to  be  exclusively  used  in  the  customs  service  from  the 
earliest  possible  moment.  The  thing  which  I  have  particularly  to 
speak  about  is  that  the  form  recommended  in  this  Association  for 
water-works  statistics  should  provide  for  the  expression  of 
consumption  of  water  in  metric  measure,  whatever  other  equiva- 
lent expression  may  be  allowed  along  with  it  for  a  little  time  to 
come.  The  Association's  purpose  in  having  a  Committee  on 
Uniform  Statistics  is  obviously  to  get  the  water  works  of  the  differ- 
ent cities  and  towns  of  New  England  to  use  the  same  form  in  mak- 
ing up  statistics,  so  that  they  may  be  readily  comparable.  The 
same  idea  requires,  for  the  sake  of  comparing  with  places  outside 
of  New  England,  that  the  form  should  agree  with  what  is  used  else- 
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where.  This  Association  has  members  in  Canada  and  England, 
and  they  have  statistics  in  gallons  about  20  per  cent,  larger  than 
the  United  States  gallon.  What  these  three  countries  have  done  to 
promote  uniformity  is  to  establish  the  international  metric  system, 
the  same  in  the  English-speaking  countries  and  also  in  the  non- 
EngHsh-speaking  countries.  We  hear  of  the  number  of  bacteria 
per  cubic  centimeter  in  the  water  supplies  of  continental  Europe 
as  well  as  of  Great  Britain  and  America.  Mr.  Metcalf  has  come 
back  from  Porto  Rico  and  told  us  this  evening  of  the  metric  sys- 
tem having  been  used  on  the  military  road  there.  There  are 
other  parts  of  the  world  where  Spanish,  Dutch,  Japanese,  and  other 
languages  are  spoken,  and  where  there  are  water  works  from  whose 
statistics  we  might  sometime  learn  by  comparison.*  It  has  been 
announced  upon  our  program  that  a  report  from  our  Committee  on 
Uniform  Statistics  is  in  order  following  this  discussion  of  mine.  I 
have  accordingly  taken  the  liberty  of  addressing  notes  to  the 
members  of  that  committee,  inviting  them  either  to  report  a 
recommendation  that  metric  capacity  measure  be  introduced  for 
the  expression  of  quantities  of  water  consumed  in  the  Association's 
form  of  statistics,  or  else  to  participate  in  the  discussion  of  this 
topic  and  explain  why  not. 

*  As  this  discussion  is  being  revised  for  the  printer,  the  September  number  of  Pro- 
ceedings of  the  American  Society  of  Civil  Engineers  is  issued,  containing  a  paper  of  fifteen 
or  twenty  pages  on  P'iltration  for  Public  Water  Supplies,  with  Especial  Reference  to  the 
Double  Filtration  Plant  at  Bremen,  Germany.  The  paper  is  written  in  metric  measure 
throughout,  and  contains  scarcely  any  mention  of  the  ancient  method  of  reckoning. 


BROOK.'^ 


267 


z 
u 
-I 
< 
> 
5 
o 
u 

OJ 
< 

o 

^  i 
a. 


11 


25   ,0,2 


CQ     j^  O  t^  t>.   s  -ht 

'o  d  d  c^'  ~  5^ 


§  S  o  o  Cg       o 


'J     -H-     S      g 

c;  5  -r  ^ 


■^    CO  o  o     ire  o  o  < 


JO   5£   lO    Oi   t- 

5^  s  s  g  ;j 


'    ; 

i?C3i:0 

dd^odd 

t»   , 


K 

< 

M 

CC 

bi 

?L| 

H 

H 

31 

2 

u 

^ 

— ' % 

gggS 

§ 

^  £■  P  £■  ?o  SJ 
^  ei  cS  3  ^  o 

Eh 


fee         ^-^ 


2  g 


'S 


o  r^  d  ifi  d  di-i 

,Q  'M  ^3  -r  la 

c    ::  r   '   r  r  r 


ill 

1,J 

».    i-    OS    M 

III 

iill 

=       ^^  cS  a.  t-l  to 


b  Ic^  s  •■  --  ^ 

K  :^^°?     .   .   .   . 

,_;    '   o  o     'c  o  o  o 

c^  o  s 


bC=       s 


^ 

d  d 

-O-iN 

^  ^'  ^  3  O 

rt 

u 

bD 

C         T 

1    ^.^   ^  r 

^ 

0) 
CO 

3 

C     J-      ;;      J-      J. 

o 

a, 

0) 

II 

° 

PP 

O     " 

2  2^  2  2 

o,c 


«  be 

-  "  'S  _  •=  J  « 


SNOIXVKiaKOO 


268  MUNICIPAL   USE    AND    WASTE    OF    WATER. 


MUNICIPAL   USE   AND   WASTE   OF   WATER. 

BY  JOHN  VENNER,  CHIEF  INSPECTOR,  BUREAU  OF  WATER,  SYRACUSE,  N.  Y. 
[Read  September  10,  1903.] 

Mr.  President  and  Gentlemen  :  —  At  almost  every  meeting  of 
this  Association  there  is  a  discussion  of  the  questions  of  waste  of 
water  by  private  consumers  and  the  steaUng  of  water  from  fire 
services,  together  with  suitable  suggestions  as  to  how  to  prevent 
the  same.  On  these  questions  I  think  that  all  agree  that  the  meter 
should  be  the  only  arbitrator. 

There  seems,  however,  to  have  l>een  too  little  attention  given 
to  the  matter  of  "  municipal  economy  "  in  the  use  of  water.  This 
has  led  me  to  beheve  that  the  subject  of  waste  in  public  buildings 
would  be  of  interest  to  you. 

With  the  rapid  growth  of  cities  the  difficulty  of  obtaining  and 
maintaining  an  adequate  supply  of  good  water  becomes  a  very 
serious  one.  Many  cities  have  had  to  go  long  distances  for  their 
sijpplies,  spending  large  sums  of  money  in  the  building  and  main- 
tenance of  conduits.  Careless  and  unrestricted  use  of  water  causes 
these  conduits  to  reach  the  hmit  of  their  capacity  long  before  they 
should,  and  necessitates  the  building  of  new  lines.  It  is  safe  to 
say  that  nearly  all  cities  have  an  enormous  expense  in  pumping 
considerably  more  water  than  is  needed  for  legitimate  use. 

Many  of  the  members  of  this  Association  are  familiar  with  the 
water- works  system  of  the  city  of  Syracuse.  For  the  benefit  of 
those  who  are  not,  I  will  give  a  brief  description  of  our  water 
supply. 

*  We  obtain  our  water  from  Skaneateles  Lake,  about  19  miles 
distant  from  the  city.  This  lake  is  a  feeder  of  the  Erie  Canal,  and 
special  legislation  was  necessary  before  it  could  be  used  by  the 
city.  A  vast  amount  of  opposition  was  encountered,  and  when 
the  state  finally  consented  to  its  use  by  the  city  the  size  of  the 
supply  conduit  was  hmited  to  30  inches  in  diameter.  The  amount 
of  water  that  this  conduit  will  discharge  is  estimated  to  be  about 
14  000  000  gallons  daily. 

The  average  daily  consumption  is  fast  reaching  this  limit,  there 
having  been  nearly  12  000  000  gallons  used  daily  during  the  year 


VENNER. 


269 


1902.  This  condition  of  affairs  has  made  it  necessary  for  the  city 
to  take  steps  to  reduce  the  consumption  by  stopping  all  waste 
possible,  thus  prolonging  the  usefulness  of  the  present  conduit. 
This  led  to  a  study  of  methods  by  which  this  reduction  could  be 
accomplished. 

It  was  in  this  connection  that  I  took  up  the  matter  of  public 
waste,  commencing  with  the  pubHc  schools. 

There  are  thirty-four  of  these  buildings,  and  all  have  been 
metered  since  February,  1903. 

The  following  table  shows  the  daily  consumption  of  water  per 
pupil,  in  gallons,  based  upon  the  average  daily  attendance  in  each 
school: 


Daily  Consumption  of  Water  per  Pupil  in  the  Public  Schools  of 

Syracuse,  N.  Y.,  for  Three  Months  of  1903. 

Average  Per  capita  consumption,  in  gallons. 

School.  daily 

attendance.  March.  April.  May. 

1  Jefferson    314  17.8  21.1  24.1 

2  Grant    304  22.2  2.5.2  24.4 

3  Townsend   481  5.4  5.7  5.5 

4  Garfield   434  5.1  6.6  5.2 

5  Franklin   826  4.1  3.5  2.4 

6  Prescott    574  9.4  9.2  6. 

7  Clinton    522  16.2  15.3  14.7 

8  Lincoln    414  9.1  8 .  7.8 

9  Vine    218  2.3  4.2  4.1 

10  Frazer    428  12.8  14.2  11. 

11  Genesee    412  6.  3.2  2.9 

12  Commercial    86  397.  381 .  497. 

13  May    426  110.  114.  117. 

14  Tompkins    388  5.6  6.1  8.7 

15  Porter    778  4.5  4.5  3.2 

16  Gere    352  33.  33.5  22.5 

17  Madison    529  40.7  39.4  32.8 

18  Sumner   358  20.9  20.  15.7 

19  Waishington  Irving 439  35.3  30.9  22.6 

20  Willard    81  188.8  190.9  104.4 

21  Montgomery    471  5.1  4.1  4.0 

22  Putnam    650  21.6  16.7  12.6 

23  Andrew  Jackson    353  3.5  2.9  3.9 

24  Croton    605  44.5  31 .2  28. 

25  New  High  School 1  267  8.9  9.4  9.0 

26  Seymour    665  26.3  23.6  23.6 

27  Truant  School    16  22.3  38.2  52.2 

28  Delaware    .523  7.5  9.2  6.6 

29  Grace 259  16.8  24.3  30.9 

30  Merrick    294  35.6  17.9  22.3 

31  Belle vue    257  32.1  32.8  37.9 

32  Danforth   348  25.9  21.4  22. 

33  Elmwood    224  8.4  14.5  14.5 

34  Brighton   868  5.3  4.1  3. 
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The  wide  variance  in  daily  consumption  in  the  different  schools, 
ranging  from  2.3  gallons  to  497  gallons  per  pupil,  shows  plainly 
that  in  some  there  must  be  very  large  waste. 

The  average  daily  consumption  in  the  public  schools  for  the 
months  of  March,  April,  and  May  was  about  20  gallons,  or  two- 
thirds  of  a  barrel  of  water  for  each  pupil. 

The  average  number  of  gallons  used  daily  in  all  of  the  schools 
for  the  three  months  mentioned  was  about  450  000,  or  3.6  per 
cent,  of  the  city's  entire  consumption,  and  represented  a  value, 
figured  at  the  usual  rates,  of  about  $1  000  per  month.  The 
Bureau  of  Water  receives  no  compensation  from  the  city  for 
water  used  for  municipal  purposes. 

Prior  to  the  introduction  of  meters  in  school  buildings  little  or 
no  effort  apparently  was  made  to  prevent  waste  of  water  through 
defective  fixtures,  and  such  waste  not  only  occurred  during  the 
time  that  schools  were  in  session,  but  also  was  allowed  to  continue 
during  vacation  periods.  Since  the  placing  of  the  meters  the 
water  has  been  turned  off  from  the  buildings  during  all  vacations. 
This  fact  makes  it  evident  that  the  use  of  water  in  the  schools 
before  they  were  metered  was  even  greater  than  the  above  table 
shows. 

There  is  no  doubt  that  most  of  the  waste  in  schools  is  due  to 
lack  of  proper  care  of  plumbing  and  to  carelessness  of  children  in 
leaving  water  running  from  the  faucets. 

As  a  remedy  for  the  first  condition  I  would  suggest  that  a 
thorough  inspection  of  each  school  be  made  with  regard  to  the 
condition  of  the  fixtures,  and  to  ascertain  what  conditions  there 
are  that  might  tend  to  increase  or  decrease  the  legitimate  use  of 
water;  and  that  from  this  basis  a  reasonable  per  capita  consump- 
tion for  each  school  be  arrived  at.  Whenever  this  consumption 
is  exceeded  to  any  large  extent  the  school  officials  should  be  held 
responsible.  Through  the  hearty  cooperation  of  both  water  and 
school  officials  in  this  matter,  I  have  no  doubt  that  there  could  be 
effected  a  very  large  saving  of  water. 

To  prevent  carelessness  in  leaving  water  running  unnecessarily 
I  would  suggest  that,  wherever  it  is  possible,  all  faucets  in  schools 
be  required  to  be  of  the  self-closing  style. 

These  measures  are  to  be  carried  out  in  the  city  of  Syracuse. 

The  same  conditions  that  exist  in  the  school  buildings  doubtless 
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exist  in  other  public  buildings,  and  we  are  now  engaged  in  placing 
meters  on  engine  houses,  public  baths,  etc. 

In  this  paper  I  have  not  gone  as  deeply  into  this  subject  as  I 
might,  as  I  intend,  at  some  later  meeting  of  the  Association,  to 
give  you  our  experience  in  detail,  covering  fully  the  use  of  water 
in  all  of  our  public  buildings,  parks,  etc.,  as  well  as  for  watering 
troughs,  street  sprinkhng,  and  flushing  of  pavements. 
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HISTORY  AND  DESCRIPTION  OF  THE  MONTREAL 
WATER  WORKS. 

BY   GEORGE   JANIN,   C.  E.,     SUPERINTENDENT    MONTREAL    WATER 
WORKS. 

[Read  September  9,  1903.] 

On  the  occasion  of  the  convention  of  the  New  England  Water 
Works  Association  in  Montreal,  the  author  thought  it  would  be 
interesting  to  the  members  of  the  Association  to  give  a  brief  his- 
tory and  description  of  the  Montreal  Water  Works. 

A  few  introductory  words  regarding  the  city  of  Montreal  will 
not  be  out  of  place,  before  describing  the  aqueduct  system. 

The  city  of  Montreal  was  founded  in  1642,  when  Canada  was 
under  French  domination,  but  it  was  some  years  before  the  town, 
on  account  of  its  industrial  and  commercial  importance,  assumed 
the  dignities  of  the  metropolis  of  the  country.  Montreal's  attain- 
ment to  this  distinction  is  the  result  of  its  commanding  geogra- 
phical position  on  the  banks  of  the  St.  Lawrence  River,  at  the 
terminus  of  ocean  navigation. 

Montreal  possesses  a  salubrious  chmate;  it  is  very  cold  in  winter 
according  to  the  thermometer  readings,  but  owing  to  the  lack 
of  humidity  in  the  air,  the  cold  is  not  merely  tolerable  but 
pleasant. 

The  area  included  in  the  limits  administered  by  the  city  corpo- 
ration is  about  6  000  acres,  containing  a  population  of  266  466 
souls,  not  counting  any  of  the  large  suburban  municipaUties,  which 
are  not  separated  from  the  city  by  any  natural  boundary  but  really 
form  part  of  the  city,  and  which,  if  annexed  to  the  city,  as  they 
soon  must  be,  would  bring  the  population  to  350  000  souls. 

The  water  supply  of  the  city,  with  the  exception  of  St.  Denis 
Ward,  is  under  the  control  of  the  municipal  administration,  which 
owns  the  aqueduct  and  imposes  a  rate  for  payment.  St.  Denis 
Ward  and  the  suburbs  are  supplied  from  a  private  company,  the 
Montreal  Water  and  Power  Company. 
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As  for  all  old  cities,the  aqueduct  of  Montreal  had  a  very  modest 
beginning.  Towards  1800  the  water  from  springs  was  diverted 
from  Mount  Royal  and  distributed  through  some  of  the  streets  of 
the  city  in  wooden  pipes.  In  1815  this  precarious  supply  was 
replaced  by  a  system  of  distribution  of  water  pumped  from  the 
river  and  raised  into  tanks  containing  240  000  Imperial  gallons.* 
In  1845  the  city  bought  this  system  from  a  private  company,  after 
which  an  epoch  of  progress  was  begun  by  the  construction  of  a 
reservoir  containing  3  000  000  Imperial  gallons  and  situated  at 
that  time  outside  of  the  city  at  a  place  called  "  Cote  a  Baron." 
This  reservoir,  now  abandoned,  has  been  turned  into  an  orna- 
mental fountain  in  one  of  the  squares  of  the  city  (St.  Louis 
Square). 

The  time  had  now  arrived  when  the  intake  from  the  river,  in 
the  middle  of  the  harbor,  and  consequently  exposed  to  all  sorts  of 
polutions,  could  no  longer  be  used  with  hygienic  safety  to  supply  a 
city  full  of  future  promise  and  anxious  for  the  health  of  its  inhab- 
itants. As  early  as  1847  it  had  been  proposed  to  take  water  at  the 
Lachine  Rapids,  above  the  city,  and  to  make  use  of  the  power  of 
these  rapids  to  raise  the  water,  but  this  scheme,  and  others  similar, 
were  not  seriously  considered  until  1853,  when  the  city  council 
concluded  to  confer  upon  Mr.  T.  C.  Keefer,  civil  engineer,  the  duty 
of  preparing  plans  for  an  aqueduct  capable  of  supplying  5  000  000 
Imperial  gallons  daily.  The  study  of  this  project,  its  examination 
by  consulting  engineers,  etc.,  postponed  the  beginning  of  its  con- 
struction to  the  year  1853,  and  its  termination  to  the  year  1854. 

The  system  then  established  included  an  open  canal  4f  miles 
long,  having  its  entrance  about  one  mile  above  the  Lachine 
Rapids,  at  an  elevation  of  37  feet  above  the  level  of  the  harbor 
of  Montreal.  The  dimensions  of  the  canal  were  40  feet  wide  at 
the  water  surface  and  8  feet  deep.  This  canal,  throughout  most 
of  its  course,  is  actually  used  to  supply  the  city  at  present. 

At  the  time  of  its  construction  this  canal  supplied  more  than 
sufficient  water  to  develop  300  horse  power,  and  to  raise  200  feet 
above  the  level  of  the  water  in  the  harbor  5  000  000  Imperial  gal- 
lons of  water,  being  at  the  rate  of  40  Imperial  gallons  per  capita 
for  a  population  double  what  it  was  then  (60  000).  At  the  end  of 
that  canal  were  situated  the  settling  basin  and  the  wheel  house, 

*  1  Imperial  gallon  =  1.2  United  States  gallons  (approx.). 
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about  as  they  stand  to-day.  The  hydraulic  motive  power  was 
utiUzed  by  two  breast  wheels  working  six  pumps  to  raise  the 
water  to  a  reservoir  situated  on  the  slope  of  Mount  Royal 
along  McTavish  Street,  forming  the  present  low  level  reservoir, 
which  is  but  an  enlargement  of  the  original  one.  That  reservoir 
had  then  a  capacity  of  15  000  000  Imperial  gallons. 

The  whole  of  this  system  had  been  well  devised  for  the  quality 
and  quantity  of  water  necessary  for  a  limited  future,  sufficient  in 
fact  for  a  population  double  what  it  was  then;  but  the  rapid 
increase  of  population,  which  has  nearly  quintupled  since,  and 
the  inconveniences  produced  by  the  severity  of  our  winters  on 
the  wheels,  have  necessarily  obliged  the  authorities  of  the  water 
works  to  substitute  turbines  for  breast  wheels,  and  also  to  con- 
struct an  auxiUary  steam  plant,  with  a  view  to  replacing 
hydraulic  power  during  the  times  of  low  water  in  summer,  and 
during  the  winter  on  account  of  ice,  frasil,  etc.  The  steam  plant 
was  also  found  to  be  necessary  to  provide  for  the  insufficiency 
of  the  water  power,  when  the  consumption  of  water  by  the 
<;ity  exceeded  that  for  which  provision  had  been  made  when 
the  canal  was  constructed. 

The  author  having  mentioned  a  few  moments  ago  the  serious 
difficulties  due  to  the  severity  of  the  winters,  when  ice  is  formed 
in  the  aqueduct  and  paralyzes  the  work  of  the  hydraulic  wheels, 
he  believes  that  the  best  way  to  illustrate  these  difficulties  would 
be  to  present  to  the  audience  a  few  cross-sections  of  said  aqueduct 
made  in  1866,  during  the  month  of  March  (Fig.  1).  These 
sections  show  that  the  amount  of  ice  formed  results  in  a  decrease 
in  the  supply  of  water  furnished  by  the  aqueduct,  and  explain 
the  temporary  incapacity  of  the  hydrauHc  plant.  These  are  the 
chief  difficulties  which  have  been  encountered  from  1856  to  the 
present  time,  and  it  was  owing  to  them  that  the  authorities  of  the 
water  works  changed  the  breast  wheels  for  turbines  and  made 
successive  additions  of  steam  pumps,  until  the  present  plant  at 
the  low  level  station,  which  will  be  explained  further,  was  erected 
as  it  stands  now. 

Meanwhile  the  population  of  the  city  was  increasing,  and  was 
extending  itself  upon  the  heights  situated  east  of  Mount  Royal, 
at  an  altitude  too  ^reat  to  be  supplied  by  the  system  whose  summit 
was  at  the  McTavish  Reservoir. 
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Fig,  1.  —  Sections  of  Aqueduct  showing  Formation  of  Ice. 
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This  state  of  things  necessitated  the  establishment  of  the  present 
high  level  system,  that  is,  the  construction  of  the  reservoir  at  mid- 
way on  the  mountain  slope,  and  of  a  pumping  station  to  carry  the 
water  from  the  low  level  system  to  the  high  level  distributing 
service,  to  a  height  of  422  feet  above  the  level  of  water  in  the 
harbor.  A  Worthington  steam  pump,  with  a  daily  capacity  of 
500  000  Imperial  gallons,  was  then  sufficient  to  supply  the  high 
level  system. 

As  the  changes  were  being  made  to  the  low  level  machinery,  as 
mentioned  above,  several  schemes  were  prepared  to  put  the  aque- 
duct in  condition  to  supply  the  wants  of  the  rapidly  increasing 
population  without  necessitating  the  resort  to  the  expensive  use 
of  steam.  All  of  these  schemes  had  in  view  one  of  two  objects  : 
the  increase  of  water  power  or  the  substitution  of  a  gravity 
supply.  Montreal  is  not  advantageously  situated  to  make  use  of 
this  latter  scheme.  Built  upon  an  island,  bordered  on  one  side 
by  the  St.  Lawrence  River,  —  whose  width  precludes  any  idea  of 
viaduct  or  syphon  to  bring  water  supply  on  this  side,  —  on  the 
other  side  it  is  bordered  by  a  branch  of  the  Ottawa  River  and 
adjacent  to  another  island,  formed  by  the  same  river  dividing 
itself  into  two  branches,  not  so  wide  as  the  St.  Lawrence 
River,  but  of  sufficient  width  to  make  the  bringing  across  of 
a  gravity  aqueduct  very  expensive. 

To  avoid  these  financial  difficulties,  nothing  was  left  but  to  find 
north  of  the  city  a  water  supply  taken  at  a  sufficient  altitude  (that 
is,  more  than  425  feet  above  the  St.  Lawrence),  adequate  to  the 
present  and  future  wants  of  the  city.  The  ridge  of  the  Laurentian 
MountainSjWhose  first  summit  is  situated  more  than  30  miles  from 
Montreal,  was  the  only  spot  where  such  a  water  supply  could  be 
found.  Surveys  and  levels  were  made,  and  established  the  fact 
that  a  water  supply  could  be  taken  from  Lake  Ouareau,  situated 
at  an  altitude  of  450  feet  and  at  a  distance  of  about  60  miles  from 
Montreal,  but  the  estimated  cost  of  such  an  undertaking  pre- 
vented the  further  study  of  it.  Consideration  of  the  gravity  plan 
was  consequently  superseded  by  the  study  of  a  sufficient  hydraulic 
power  system.  While  on  this  question  the  author  would  like  to 
add  that  it  is  his  opinion  that  the  scheme  of  carrying  water  from 
the  Laurentian  Lakes  would  result  in  difficulties  other  than  the 
supposed  heavy  cost.     The  water  would  be  sure  to  be  contaminated 


JANIN.  277 

in  a  country  where  the  watershed  supplying  the  lakes  is  entirely 
covered  with  forests,  where  timber  cutting  on  a  large  scale  is  con- 
stantly going  on,  employing  a  large  number  of  men  and  horses; 
and  numbers  of  the  creeks  run  nearly  dry  in  summer  and  would 
only  supply  at  the  chosen  locality  impure  waters.  These  and 
many  other  considerations  were  the  causes  which  led  to  preference 
being  given  to  the  plan  of  the  superintendent  then  in  charge  of  the 
water  works,  Mr.  Louis  Lesage.  This  scheme  was  simply  to  carry 
the  entrance  of  the  aqueduct  3  000  feet  up  the  river  and  to  make 
it  130  feet  wide  at  the  water  surface,  78  feet  wide  at  bottom,  and 
14  feet  deep. 

These  dimensions  would  provide  sufficient  power  to  supply 
30  000  000  Imperial  gallons.  In  1877  the  construction  of  works 
on  this  plan  was  begun,  the  new  entrance  of  the  aqueduct  was 
made,  and  the  aqueduct  was  dug  130  feet  wide  for  4  800  feet  in 
length,  as  it  stands  to-day.  The  cost  of  the  work  prevented 
its  continuation,  and  this  accounts  for  the  periodical  growth 
of  the  steam  plant. 

However,  this  beginning  of  enlaxgement  had  a  favorable  effect 
on  the  water  in  the  aqueduct  and  the  formation  of  ice,  in  such  a 
way  as  to  better  protect  the  efficiency  of  the  hydraulic  pumps. 

In  1878,  the  low  level  reservoir  (McTavish)  having  become  in- 
sufficient, it  was  enlarged  so  as  to  bring  its  capacity  to  37  000  000 
Imperial  gallons.  In  1889  the  population  fed  by  the  high  level 
system  had  increased  so  much  that  a  new  steam  pump,  of  2  500- 
000  Imperial  gallons'  capacity  had  to  be  provided  for  this  district. 
This  increase  in  the  population  is  still  going  on,  and  the  necessity 
of  ensuring  its  supply  against  any  uncertainty  led  the  author  to 
have  the  city  council  provide  for  the  installation  of  a  pump  oper- 
ated by  electric  power,  which  pump,  of  a  capacity  of  5  000  000 
Imperial  gallons,  is  at  present  in  process  of  erection.  When  it  is 
in  operation  the  old  steam  plant  will  be  kept  as  a  duplicate  in 
case  of  emergency. 

The  successive  changes  which  the  author  has  attempted  to 
explain  to  his  best  abihty  have  placed  the  Montreal  Water  Works 
in  a  position  to  provide  a  daily  average  water  supply  of  about 
24  000  000  Imperial  gallons,  which  is  sufficient  for  the  present 
population. 

The  question  of  increasing  the  motive  power  vnll  again  shortly 
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present  itself,  and  the  competition  of  schemes  similar  to  those 
already  spoken  of  will  be  open  again,  together  udth  a  scheme  of 
water  filtering,  because  although  the  water  taken  in  the  river  is 
generally  wholesome,  the  spring-time  has  always  a  bad  effect  upon 
the  waters,  this  being  caused  by  the  snow  melting  and  the  dis- 
charge into  the  river  of  the  drainage  of  the  lands  along  its  banks. 
This  inconvenience,  although  temporary,  has  led  the  public  to 
wish  to  see  a  water  filtering  system  adopted,  and  the  municipal 
authorities  will  have  to  deal  shortly  with  this  question. 

DESCRIPTION    OF    THE    WATER    WORKS. 

Aqueduct.  —  As  already  stated,  the  present  source  of  water 
supply  for  the  city  is  the  St.  Lawrence  River,  from  which  the  aque- 
duct has  its  entrance  1 J  miles  above  Lachine  Rapids,  38  feet  above 
the  level  of  water  in  the  harbor. 

The  present  aqueduct,  from  the  entrance  to  the  junction  of  the 
old  aqueduct,  has  a  mean  width  of  140  feet  and  a  depth  of  14  feet, 
for  4  800  feet;  it  is  then  continued  by  the  old  aqueduct,  which 
has  a  mean  width  of  30  feet,  a  depth  of  8  feet,  and  is  26  200  feet 
long.     The  fall  is  5  inches  per  mile. 

The  aqueduct  ends  at  a  setthng  basin  of  a  capacity  of  1  064  885 
cubic  feet,  used  for  the  distribution  of  the  motive  power  to  the 
hydrauHc  engines  and  for  the  drawing  of  the  water  supplying  the 
city. 

At  the  mouth  of  the  aqueduct  a  pier  about  1  000  feet  long  has 
been  built  for  the  purpose  of  slackening  the  current  of  the  river. 
Sluice-gates,  situated  at  the  mouth,  and  2  dams  with  movable 
gates,  situated  in  the  canal,  regulate  the  level  of  the  water;  18 
bridges  cross  the  canal  and  afford  the  means  of  circulating  on  the 
roads  which  connect  the  several  portions  of  the  riverside  proper- 
ties. 

Low  level  pumping  station.  —  The  water  is  raised  by  means  of 
two  systems  —  by  hydraulic  machines  to  the  extent  of  about  60  per 
cent,  of  the  consumption  and  by  steam  engines  for  the  balance. 

The  total  quantity  of  water  raised  by  the  pumping  apparatus 
of  that  station  during  the  last  fiscal  year  was  8  167  734  489  Im- 
perial gallons. 

There  are  several  buildings  connected  with  the  low  level  pump- 
ing station,  of  which  these  are  three  principal  ones, — the  first 
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PLATE   II. 


Fk;.  ].  — Emi.'am'i;  of  Aqueduct,  St.  Lawrence  IJivei; 


Fig.  2.  —  Still  Watek  BASI^f  at  Entrance  of  Aqueduct. 


PLATE  III. 


Fig.  1. — New  Aqikuuct  at  Junction  wnii  jiii:  Old. 


Fig.  2.  — Roau  Bkidge  at  Entkance  of  Old  Aqueduct. 


PLATE   IV. 


Fig.  1.  — Aqueduct  near  Settling  Basin. 


Fig.  2.  —  Low  Level  Pumping  Station  and  Settling  Basin. 


PLATE  V. 


Fig.  1.  — Low  Lkvel  Pumping  Station  Engine  House. 


Fig.  2.  — Low  Level  Pumping  Station  and  Tailrace. 


PLATE   VI. 


Fig.  1.  — McTayisii  Street  Eesekvoir  —  North  End  View. 


Fig.  2.  —  McTavish  Street  Eeservoir  —  South  End  View. 
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contains  the  turbines,  operated  by   the   aqueduct   water  itself, 
and  4  sets  of  pumps,  namely: 

No.  1.  — A  Jonval  turbine,  with  2  double-acting  pumps,  which 
can  pump  4  000  000  Imperial  gallons  per  24  hours. 

Diameter  of  the  wheel   8  feet. 

,,  „       pumps 1  foot  6  inches. 

Stroke  6  feet. 

No.  2.  —  A  "  Samson "  horizontal  double  wheel,  with  2 
double-acting  pumps  and  an  air  reservoir,  which  can  pump  5  000- 
000  Imperial  gallons  per  24  hours. 

Diameter  of  the  wheel    40  inches. 

Width  „  „       20       ,. 

Diameter  of  the  pumps 23       ,, 

„  ,,         phmger-piston    . 20       ,, 

Length  of  stroke 36       „ 

Interior  diameter  of  the  air  reservoir    30       „ 

No.  3.  —  A  "  Jonval  "  turbine,  with  3  double-acting  pumps  and 
2  air  reservoirs,  which  can  pump  3  000  000  Imperial  gallons  per 
24  hours. 

Diameter  of  the  wheel 6  feet. 

,,  ,,       pump 1  foot  8  inches. 

Length  of  stroke 4  feet. 

Interior  diameter  of  the  air  reservoirs 6     ,,  6  inches. 

No.  4.  —  A  "  Jonval  "  turbine,  with  2  double-acting  pumps  and 
an  air  reservoir;  capacity,  3  000  000  Imperial  gallons  per  24  hours. 

The  overflow  of  the  settling  basin  and  the  water  operating  the 
hydraulic  machines  falls  into  a  waste  channel,  below  the  building, 
and  after  a  course  of  about  3  500  feet,  flows  into  the  St.  Lawrence 
River,  opposite  the  downstream  point  of  the  Nuns'  Island. 

The  second  building  contains  the  steam-engines,  comprising  3 
sets  of  pumps,  namely: 

No.  1. — A  high-duty  Worthington  engine  of  a  capacity  of  10  000- 
000  Imperial  gallons  per  24  hours. 

Diameter  of  the  high-pressure  cylinder 28f  inches. 

„      low        ;„  , 57f      „ 

„  ,,       plunger-piston 3li       „ 

Stroke  48         „ 

Interior  diameter  of  the  air  reservoir    39^       „ 
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No.  2.  —  A  high  duty  Worthington  engine  of  a  capacity  of 
10  000  000  Imperial  gallons  per  24  hours. 

Diameter  of  the  high-pressure  cyUnder 25  inches. 

„  „       low  „  „        40         „ 

,,  „       plunger-piston 27f       „ 

Stroke  38 

Interior  diameter  of  the  feeding  cylinder    35^       „ 

„         „  „     air  reservoir 23^       ,, 

No.  3.  —  A  high  duty  Worthington  engine  (duplex)  of  a  capacity 
of  8  000  000  Imperial  gallons  per  24  hours. 

Diameter  of  the  high-pressure  cylinder   33J  inches. 

„     low  „  „        58^ 

„  ,,     pumps 37J 

„  „     plunger-piston 29 

Stroke   48 

Interior  diameter  of  the  air  reservoir    39^ 

The  third  building  contains  the  steam  generators,  which  consist 
of  2  batteries  of  3  Heine  boilers  each,  and  a  battery  of  3  Lancashire 
boilers. 

The  other  buildings  are  used  as  sheds  for  the  storage  of  coal  and 
suppHes,  machine  shops,  and  employees'  dwelhngs. 

From  the  pumping  station  the  water  is  forced  into  the  low  level 
reservoir  and  into  the  pipes  through  two  mains  of  30  inches  di- 
ameter, having  together  a  length  of  16  102  feet,  and  through  two 
24-inch  mains  having  a  total  length  of  27  709  feet. 

One  of  the  30-inch  mains  is  still  unfinished  and  only  branched 
upon  'the  other  of  the  same  diameter,  after  their  passage  under 
the  Lachine  Canal. 

The  other  30-inch  main  does  not  extend  as  far  as  the  reservoir; 
at  the  intersection  of  McGill  College  Avenue  and  Sherbrooke 
Street  it  is  connected  with  the  two  24-inch  mains,  which  alone 
go  as  far  as  the  reservoir;  from  that  point,  the  said  30-inch  main 
extends  on  Sherbrooke  Street  as  far  as  Delorimier  Avenue,  near 
the  eastern  limits  of  the  city. 

Low  level  reservoir. —  The  pumps  at  the  low  level  station  raise 
the  water  up  to  the  main  reservoir  of  the  city,  situated  at  the  angle 
of  McTavish  Street  and  Carleton  Road,  at  the  altitude  of  204  feet 
above  the  river  and  165  feet  above  the  intake  basin  of  the  low 
level  pumping  station. 
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The  said  reservoir,  dug  into  the  rock,  has  its  bottom  on  the 
uneven  bed  of  the  excavation,  and  its  perimeter  walls  are  partly 
formed  by  the  sides  of  the  excavation,  the  rest  of  the  walls 
being  composed  of  undressed  stone  masonry  pointed  with  cement. 

It  is  divided  into  two  equal  parts  by  a  masonry  wall  of  the 
same  character  as  the  perimeter  walls. 

The  capacity  is  37  000  000  Imperial  gallons  of  water. 

A  building  attached  to  said  reservoir  contains  the  valves  and 
sluice-gates  regulating  the  distribution  and  the  reserve  of  water 
for  the  section  of  the  city  supplied  by  the  low  pressure ;  said  sec- 
tion comprising  all  that  part  of  the  city  extending  from  the  St. 
Lawrence  River  to  the  following  limits  (northwards) :  Sherbrooke, 
University,  Prince- Arthur,  Durocher,  Pine  Avenue,  St.  Lawrence, 
Duluth,  Cadieux,  and  Mount  Royal  streets. 

High  level  pumping  station.  —  A  building  erected  on  the  land 
adjoining  the  above-mentioned  reservoir  contains  the  high  level 
pumping  machines,  which  consist  of  2  pumps  operated  by  steam. 

1.  A  high  pressure  Worthington  pump  (duplex)  of  24  horse- 
power and  of  a  capacity  of  500  000  Imperial  gallons  per  24  hours. 
(This  pump  is  almost  unfit  for  use.) 

2.  A  high  pressure  Gilbert  pump  (compound  system)  of  250 
horse-power  and  of  a  capacity  of  2  500  000  Imperial  gallons  per 
24  hours. 

The  steam  is  supplied  by  a  sectional  tubular  boiler  of  the  Cald- 
well high  pressure  type,  200  horse-power,  fed  by  2  American 
mechanical  stokers. 

Old  boilers  of  the  locomotive  type  of  120  horse-power  each  are 
still  used  during  the  cleaning,  or  when  accidents  take  place  to  the 
Caldwell  boiler. 

The  pumps  take  the  water  from  the  low  level  reservoir  and  raise 
the  same  by  a  force  main  of  20  inches  and  12  inches  diameter  and 
1  674  feet  long,  passing  through  McTavish  Street,  Pine  Avenue, 
Mt.  Royal  Park,  and  ending  at  the  high  level  reservoir,  situated  on 
the  slope  of  the  mountain,  opposite  Peel  Street,  at  the  altitude  of 
434  feet  above  the  liver  and  230  feet  above  the  low  level  reservoir. 

As  above  mentioned,  a  new  5  000  000  Imperial  gallon  electric 
pump  is  in  course  of  erection  at  this  pumping  station.  It  will 
replace  the  very  old  steam  plant,  which  will  be  completely  over- 
hauled and  will  be  kept  in  good  order  in  case  of  emergency. 
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High  level  reservoir.  —  This  reservoir  is  built  about  in  the  same 
way  as  the  low  level  reservoir.  It  is  composed  of  only  one  com- 
partment. 

Its  capacity  is  1  750  000  Imperial  gallons ;  it  equalizes  the  water 
supply,  and  contains  the  reserve  for  the  section  of  the  city  supplied 
by  the  high  pressure. 

The  district  so  supplied  comprises  all  that  part  of  the  city  lying 
north  of  the  hmits  above  mentioned  for  the  low  pressure. 

Distribution  system.  —  In  addition  to  the  force  mains  raising 
the  water  into  the  reservoirs,  the  distribution  system  of  the  city 
is  composed  of  : 

28  509  feet  cast-iron  mains  of  30  inches  diameter. 

66  198  „  „  „  24 

13  040  „  „  „  20 

17  493  „  „  „  16 

237  887  „  „  „  12 

122  179  „  „  „  10 

123  873  „  „  „  8 
256  714  „  „  „  6 
329  990  ,.  „  „  4 

2  239  „    „     „  3 

518  „     „     „  2 

625  „     „     „  H 
Total  1  119  274  feet  or  212  miles. 

A  map  of  the  distribution  system  is  shown  in  Fig.  2. 

The  distribution  of  water  by  these  mains  is  regulated  by  means 
of  3  082  valves  of  various  diameters. 

These  mains  supply  1  772  public  hydrants  and  58  private  ones. 

They  are  all  laid  underground,  in  cut,  with  the  exception  of  a 
portion  of  the  24-inch  force  mains,  which  are  contained  in  an  under- 
ground gallery  for  a  distance  of  about  120  feet,  from  the  Carleton 
Road  crossing  to  the  low  level  reservoir. 

The  water  is  distributed  to  the  ordinary  consumers  by  free 
cocks  and  to  manufacturers,  etc.,  by  meter. 

In  order  to  complete  the  description  of  the  system,  I  will  men- 
tion the  central  shops  and  stores,  situated  at  the  corner  of  St. 
Charles  Borromee  and  Lagauchetiere  streets,  in  the  center  of  the 
city,  and  the  secondary  shops  on  Cadieux,  Grand  Trunk,  and 
Desery  streets,  which  provide  for  the  wants  of  the  service  in  the 
distant  wards. 


283 


284  SERVICE   BOXES. 


SERVICE  BOXES  OF  THE  MONTREAL  WATER  WORKS. 

BY    T.  W.    LESAGE,    ASSISTANT    SUPERINTENDENT, 
MONTREAL    WATER   WORKS. 

[Read  September  9,  1903.] 

In  Montreal  the  water  rates  are  not  on  the  property,  but  they 
are  a  direct  tax  on  the  tenants  or  householders,  who  pay  according 
to  the  assessed  rental  of  the  premises  occupied. 

The  only  means  of  ensuring  payment  of  these  rates  by  the  city 
is  to  control  the  supply  by  a  stopcock  on  the  water  service  pipe 
at  the  sidewalk  line.  Thus  each  tenant  ratepayer  has  to  be  pro- 
vided with  a  separate  stopcock  and  box. 

An  ordinary  two  or  three-storied  house  in  the  most  populous 
section  of  the  city  will  often  contain  from  four  to  six  or  eight 
tenements  respectively,  and  will  require  that  number  of  separate 
service  cocks  and  boxes  in  the  sidewalk.  Besides  the  great  num- 
ber of  service  boxes  called  for  by  this  disposition  of  the  water  rates, 
there  is  also  the  severity  of  the  cUmate  to  be  contended  with.  The 
frost  line  in  winter  is  generally  at  a  depth  of  four  feet  or  more,  and 
in  certain  soils  or  localities  it  reaches  a  depth  of  over  six  feet.  The 
service  cocks  are  generally  laid  at  sufRcient  depth  to  be  free  from 
frost,  but  the  box  itself  in  the  upper  parts  is  always  subject  to  the 
upheavals  and  disturbances  caused  by  it.  Thus  it  may  be  seen 
that  the  question  of  efficiency  at  all  times  of  these  service  boxes 
is  one  of  importance  in  the  department. 

There  have  been  many  attempts  made  to  improve  or  simplify 
the  service  in  that  respect,  and  a  number  of  styles  have  been  used 
and  changes  made  in  service  cocks  and  boxes  to  meet  all  condi- 
tions. 

The  simplest  and  most  ready-to  -hand  box  is  the  wooden  service 
box.  It  was  early  adopted  in  Montreal.  It  is  made  of  four  pieces 
of  two-inch  plank  nailed  together,  the  inside  measurements  being 
four  inches  square  at  the  bottom  by  about  two  inches  square  at  the 


top,  and  six  feet  long.  ^  ^.jyti>k 
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This  primitive  box  was  soon  found  troublesome  from  the  effect 
of  frost,  especially  in  clayey  soils.  The  heaving  from  this  cause 
made  it  inoperative  as  a  guide  to  the  stopcock,  and  caused  numer- 
ous accidents  by  its  projecting  above  the  sidewalk  level.  It  was 
always  next  to  useless  after  several  years,  and  had  to  be  dug  up  in 
order  to  get  at  the  cock. 

About  twenty-five  years  ago  the  city  adopted  the  first  tubular 
iron  service  box  with.  rod.  This  box  was  a  one-inch  wrought-iron 
tube  fitted  to  a  cast-iron  bottom  piece  with  projecting  flange, 
allowing  of  telescopic  action.  (See  Plate  I.)  It  contained  a 
fixed  rod  pinned  to  the  stopcock  and  extending  up  through  the 
tube  to  permit  of  working  the  cock  from  near  the  surface  of  the 
street.  It  was  an  improvement  on  the  old  wooden  box,  due  to 
the  telescopic  action  of  the  upper  tube  in  the  bottom  piece. 
It  soon  proved  defective  from  the  rapid  rusting  and  clogging  of 
the  rod  in  the  narrow  tube.  The  telescopic  arrangement,  consist- 
ing of  a  vertical  groove  in  the  cast-iron  base,  was  also  subject  to 
rapid  corrosion. 

The  next  improvement  in  the  city  was  the  pneumatic  stopcock, 
shown  in  cross-section  by  Fig.  1.  This  was  an  attempt  to  do 
away  with  the  service  box  altogether  by  an  improved  style  of 
service  cock.  Its  mechanism  consists  of  a  vertical  piston  acted 
on  by  compressed  air;  the  lower  end  of  the  piston  rod  having  a 
rubber  valve,  by  its  up-and-down  motion  serves  to  open  or 
close  the  water  passages  of  the  cock.  The  cock  is  worked  from 
the  surface  of  the  street  through  one-eighth-inch  brass  tubes 
with  a  pump  such  as  bicyclists  use.  This  pneumatic  cock  was 
expected  to  do  away  altogether  with  the  service  box  and  all  its 
disadvantages.  Theoretically,  it  appeared  to  be  the  solution  of 
the  difficulty.  However,  a  few  years'  experience  showed  several 
defects  in  its  practical  operation.  The  brass  tubes,  owing  in 
most  cases  to  defective  setting,  were  acted  upon  considerably  by 
frost.  They  split  and  became  leaky  and  inoperative.  Then 
again,  a  sudden  shutting  of  the  main  pipe  on  the  street,  and  the 
consequent  partial  vacuum  in  the  pipes,  caused  the  unusually 
sensitive  air  pistons  to  fall  by  their  own  weight  and  thus  close 
the  cocks.  The  crooked  water  passageway  of  the  cock  in  use  was 
also  liable  to  silt  up  more  rapidly  than  the  ordinary  straight- 
way cock.     It  was  generally  felt  that  the  mechanical  disposition 
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and  arrangement  of  the  pneumatic  cock,  with  its  working  tubes, 
required  too  fine  setting  and  adjustment,  and  was  unsuited  to 
the  rough-and-ready  manipulation  of  the  ordinary  laborer. 

Another  tubular  iron  box  was  introduced  consisting  of  inch  and 
a  quarter  or  inch  and  a  half  galvanized-iron  pipe,  fitting  with  a 
telescopic  sleeve  joint  into  a  bottom  piece  made  of  vitrified 
clay.  (See  Plate  I.)  The  top  piece  or  sidewalk  plate  is  a  neat 
brass  cap  with  screw  threads  fitted  to  a  brass  nipple  on  the  end 
of  the  galvanized  pipe.  The  first  cost  of  this  box  is  high,  and 
its  maintenance  somewhat  expensive.  The  threaded  nipple  and 
brass  sidewalk  caps  were  the  chief  source  of  trouble,  as  there 
appears  to  be  galvanic  action  set  up  in  the  contact  of  brass 
and  galvanized  iron,  which  soon  causes  the  screw  threads  on 
the  iron  pipe  to   corrode  and  the  brass  caps   to  fall  off.     Then 
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again  the  brass  caps  and  nipples  are  valuable  as  scrap.  They  are 
easily  removed  and  converted  by  the  unscrupulous  to  the  junk 
shop,  thus  requiring  constant  renewals  by  the  department. 

The  present  service  box  as  it  is  being  laid  to-day  consists  of  an 
inch  and  a  quarter  or  inch  and  a  half  ordinary  tarred  iron  pipe 
about  4  feet  long,  fitting  with  a  telescopic  service  joint  into  a  bot- 
tom piece  of  wood  or  vitrified  clay,  about  2  or  3  feet  long.  Two 
slits  are  made  in  the  upper  end  of  the  iron  pipe  about  2  inches 
lengthwise,  and  the  ends  are  turned  back  or  splayed  at  right 
angles  to  form  a  projection  to  fit  in  the  cast-iron  base  of  the  side- 
walk plate.  (See  Plate  I.)  This  sidewalk  plate  or  casing  is  of 
cast-iron,  cylindrical  in  form,  about  6  inches  deep  by  4  inches 
wide.  When  set  in  the  concrete  of  the  sidewalk  pavement  it 
is  perfectly  rigid  and  the  inside  tube  has  several  inches  vertical 
play  inside  but  cannot  disturb  the  surface  of  the  pavement. 
The  service  cocks  are  fitted  with  f-inch  rods  carried  up  to  within 
2  feet  of  the  sidewalk  level.  The  box  complete,  comprising  rod, 
tube,  bottom  piece  of  wood  and  deep  cast-iron  sidewalk  casing, 
costs  about  $1.90.  The  deep  cast-iron  sidewalk  casing  in  itself 
weighs  23  pounds  and  costs  69  cents.  The  cast-iron  removable 
cover  is  of  the  pattern  of  one  long  in  use  in  the  department  and 
therefore  interchangeable  with  the  old  covers  in  all  parts  of 
the  city.  Though  bulky  enough  to  be  not  easily  lost  sight  of,  it 
is  not  of  sufficient  intrinsic  value  as  scrap  iron  to  become  an 
object  of  much  trading  among  second-hand  dealers.  This  box 
combines  simplicity  and  cheapness  and  has  all  the  advantages 
of  more  pretentious  and  expensive  arrangements  for  the  same 
purpose.  It  will  escape  the  inevitable  decay  of  time  and 
weather  in  exposed  situations  about  as  long  as  any.  It  has,  one 
valued  improvement  by  the  fact  that  the  tube  or  box  itself  can  no 
longer  be  worked  up  by  frost  above  the  sidewalk  level,  thereby 
doing  away  with  a  fruitful  source  of  accidents  and  damages 
against  the  city. 
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THE  LAWRENCE  FILTER. 

BY  M.   F.  COLLINS,  SUPERINTENDENT   LAWRENCE    WATER  WORKS. 
[Read  September  10,  1903.] 

I  have  been  requested  by  your  President  to  bring  before  you,  in 
a  short  talk  about  the  Lawrence  filter,  the  method  of  its  opera- 
tion and  certain  features  of  the  results.  Rather  than  bore  you  by 
a  long  paper,  I  have  thought  it  best  to  show  sHdes  of  the  filter  and 
its  operation,  and  say  a  few  words  about  each  as  it  appears. 

The  Lawrence  filter  (see  Fig.  1,  plan  of  filter)  was  built  in  1892- 
93  after  designs  and  under  the  direction  of  Hiram  F.  Mills,  C.E., 
member  of  the  Massachusetts  State  Board  of  Health  and  citizen 
of  Lawrence  at  that  time.  Its  original  cost  was  $65  000.00.  The 
additions  and  improvements  in  Subsequent  years  have  raised  the 
total  cost  to  about  $80  000.00.  The  filter  is  supphed  with  water 
from  the  Merrimac  River  by  gravity,  and  the  filter  drains  into 
an  old  filter  gallery  or  brick  conduit  along  the  north  side,  which 
empties  into  the  pump  well. 

The  unique  feature  of  the  filter  is  that  it  has  an  undulating  sur- 
face, divided  into  parts  by  concrete  troughs,  over  which  the  water 
flows  gradually  as  the  filter  is  being  filled  when  started  in  opera- 
tion. This  design  was  caused  by  the  plan  for  intermittent  opera- 
tion, which  was  deemed  necessary  in  order  to  thoroughly  mingle 
air  with  the  water  for  better  purification.  In  addition,  the  size  of 
the  sand  directly  over  and  for  five  feet  each  side  of  the  underdrains 
was  finer  than  that  in  the  intermediate  section  (size,  0.25  mm. 
to  0.30  mm).  However,  the  need  of  intermittent  filtration  has 
not  been  apparent,  and,  as  the  demand  for  water  has  been  con- 
stant and  large,  the  filter  has  been  for  some  time  operated  in  a 
continuous  manner,  that  is,  without  periods  of  rest  each  day  for 
the  purpose  of  allowing  air  to  penetrate  into  the  sand.  Also,  as 
sand  has  been  scraped  from  the  surface  from  time  to  time  and 
replaced  each  year,  it  has  come  to  pass  that  the  distribution  of 
sizes  in  different  sections  is  no  longer  maintained  and  all  of  the 
sand  is  about  the  same  size. 

SCRAPING. 

When  it  becomes  necessary  to  scrape  a  section  of  the  filter  the 
inlet  to  that  section  is  shut  off  the  night  before,  and  if  water  is  not 
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going  through  the  sand  fast  enough  to  have  the  surface  clear  by 
morning,  the  8-inch  centrifugal  pump  which  was  put  in  for  the 
purpose  of  draining  the  bed  is  started  and  the  surface  water 
pumped  back  into  the  river.  Thus  the  section  is  ready  to  work 
upon  at  the  usual  time  of  beginning  work  in  the  morning.     The 
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surface  sand  is  then  removed,  from  one-half  to  one  inch  in  depth. 
This  is  thrown  into  small  piles  about  ten  feet  apart  on  the  sur- 
face of  the  bed,  then  wheeled  to  a  temporary  dump  on  the  lower 
roadway. 

Plate  I,  Fig.  1,  shows  the  operation  of  scraping  in  progress. 

SANDING. 

In  the  successive  scrapings  of  the  surface  of  the  filter  bed  during 
the  year  a  total  of  about  ten  or  twelve  inches  in  depth  of  the  sand 
is  removed.  All  of  this  is  replaced  at  one  time  in  the  following  man- 
ner: The  surface  of  the  filter  bed  between  two  surface  conduits  is 
first  scraped  and  the  scrapings  removed;  then  a  section  along  the 
distributing  channel  about  five  feet  wide  is  spaded  or  loosened  up, 
and  from  the  adjoining  section,  five  feet  wdde,  sufficient  sand  is 
thrown  up  over  the  first  section,  adjoining  the  distributing  chan- 
nel, to  bring  it  to  proper  grade.  New  sand  is  then  brought  in  to 
fill  the  lower  half  of  the  excavation  thus  made,  and  from  the  next 
adjoining  five  feet  wide  sufficient  old  sand  is  taken  to  cover 
the  new  and  bring  that  section  to  grade,  and  so  on  continuing  the 
operation  over  the  whole  surface  of  the  filter,  working  from  the 
line  of  the  distributing  channel  toward  the  opposite  side  of  the  bed, 
the  object  being  to  cover  the  new  sand  with  five  or  six  inches  of  the 
old  sand,  and  keep  the  surface  of  the  filter  bed  always  of  the  old 
sand. 

WASHING   SAND. 

■  Plate  I,  Fig.  2,  shows  the  sand-washing  machine.  The  bowls  of 
the  machine  are  four  in  number,  and  sand  drops  to  the  bottom  of 
each  bowl  and  is  caught  by  an  inflowing  horizontal  jet  and  carried 
across  and  upward  through  a  3-inch  pipe  into  the  next  bowl. 
This  is  continued  until  it  passes  through  the  four  bowls  and  then 
to  the  sand  boxes. 

The  process  of  washing  sand  from  the  lower  roadway  has  been 
in  operation  for  two  months  and  gives  as  good  results,  both  as  to 
the  amount  of  sand  washed  and  the  removal  of  river  silt  and 
organic  matter,  as  the  washing  machine  on  the  uppet  permanent 
dump. 

This  method  does  away  during  the  summer  months  with  the 
necessity  of  hauling  the  sand  by  teams  from  the  lower  roadway  to 
the  upper  washing  machine,  which  means  a  considerable  saving  in 
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Fig.  1.  — Scraping  the  Surface  of  the  Beds. 
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Fig.  2.  — Sand  Washer. 


PLATE  11. 


Fig.  1.  — Eemoving  Ice  from  the  Filter. 
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team  hire.  Under  the  present  system  the  sand  is  brought  to  the 
washer  by  a  scraper  with  a  horse  attached,  calUng  for  a  driver  and 
one  man  to  handle  the  scraper.  Under  the  old  method  four  single 
carts  and  six  men  were  required  to  convey  the  unwashed  sand  to 
the  washing  apparatus. 

ICE. 

During  the  months  of  December,  January,  February,  and  March, 
scraping  can  seldom  be  accomplished  without  first  removing  ice 
from  the  surface  of  the  filter.  In  order  to  scrape  a  section  of  the 
filter  at  such  a  time,  the  ice,  together  with  any  snow  which  may 
be  upon  it,  must  first  be  removed,  usually  on  the  day  before  scrap- 
ing. In  cold  weather  an  additional  coating  of  ice,  sometimes  one 
inch  or  more  in  thickness,  forms  before  the  filter  is  entirely  drained, 
causing  an  increased  cost  and  delay  in  scraping. 

On  December  1,  1901,  ice  on  the  filter  was  four  inches  in  thick- 
ness, and  on  December  8,  1901,  it  was  twelve  and  one-half  inches 
in  thickness. 

Plate  II,  Fig.  1,  shows  the  process  of  removing  ice  from  the  filter. 
Plate  II,  Fig.  2,  shows  an  ice-run  that  was  put  in  two  years  ago, 
and  also  the  old  machine  in  the  distance.  Tne  old  machine  carried 
an  18-inch  by  30-inch  cake,  this  one  carries  a  cake  36  inches  square. 
It  is  attached  to  the  old  machine  and  is  run  by  a  belt.  The  deliv- 
ery is  so  high  that  we  are  enabled  to  cut  all  day  without  moving; 
with  the  old  machine  it  was  necessary  to  move  three  or  four  times 
daily. 

DIVISION  WALLS. 

The  filter  was  originally  built  in  one  unit  of  an  area  of  two  and 
one-half  acres,  so  that  when  any  portion  needed  scraping  it  was 
necessary  to  draw  the  water  from  the  entire  filter  and  put  it 
temporarily  out  of  service.  In  1902  the  water  board  authorized 
the  building  of  two  division  walls,  dividing  the  filter  into  three 
parts.  As  the  filter  is  at  present,  when  one  section  is  out  of  serv- 
ice, whether  for  the  purpose  of  scraping  or  sanding,  the  pumps 
are  kept  running,  and  the  only  loss  in  addition  to  the  lessened 
quantity  of  water  filtered  is  a  decreased  duty  of  the  pumping 
engine. 

Plate  III  shows  a  part  of  the  westerly  section  of  the  filter,  show- 
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ing  gate  house,  together  with  the  exposed  surface  drainage  pipe 
and  the  connection  of  the  30-inch  main  supply  pipe  with  the  old 
open  distributing  channel. 

Plate  IV  shows  the  westerly  division  wall,  with  the  16-inch 
supply  gate,  also  the  8-inch  gate  to  be  used  for  pumping  from  beds. 

Plate  V  illustrates  the  easterly  wall  and  gate  chamber,  showing 
water  on  the  easterly  section  and  the  water  being  let  on  the  middle 
section  of  the  filter. 

Plate  VI  is  a  general  view  of  the  filter  as  it  is  to-day,  and  shows 
the  two  walls,  with  the  water  on  the  easterly  section,  the  water 
being  let  on  the  middle  section,  and  the  westerly  section  being 
scraped. 

I  know  of  no  better  description  of  the  division  walls  than  the 
following,  furnished  by  Mr.  A.  D.  Marble,  city  engineer,  for  the 
president  of  the  water  board  : 

"To  prevent  the  freezing  of  the  whole  filter  bed  in  winter  while  a 
portion  was  being  cleaned,  as  well  as  to  allow  two-thirds  of  the  bed 
to  be  in  use  at  all  times  during  the  entire  year,  two  walls  were  con- 
structed last  season  across  the  bed,  dividing  the  filtering  area  into 
three  nearly  equal  parts. 

"A  large  iron  pipe  ranging  from  30  inches  to  16  inches  in  diameter 
was  laid  along  the  river  side  of  the  bed  in  the  old  conduit  and  con- 
nected with  the  gate  chamber,  which  supplies  the  bed  with  water 
from  the  river.  This  pipe  feeds  the  different  sections  with  the 
river  water  through  16-inch  valves. 

"In  the  old  conduit  is  also  laid  an  8-inch  iron  pipe  which  is  con- 
nected with  a  pump  and  assists  in  removing  the  water  from  the 
surface  of  the  bed  when  preparing  to  clean  it.  This  drain  pipe  also 
has  valves  connecting  with  each  section  of  the  bed. 

^'  The  concrete  was  mixed  in  the  following  proportions:  One  part 
of  Atlas  Portland  cement,  three  parts  sand,  and  five  parts  clean 
screened  gravel.  The  top  of  the  walls  is  at  elevation  38,  and  on  a 
level  with  the  driveway  and  the  walk  around  the  bed.  The  bot- 
tom of  the  foundation  is  at  elevation  30.75  (about),  or  about  1  foot 
9  inches  above  the  bottom  of  the  underdrains.  They  were  built 
as  nearly  as  possible  along  the  summit  of  the  ridges  in  the  bottom 
of  the  bed,  and  about  15  feet  distant  fr  )m  the  underdrains  that 
convey  the  filtered  water  to  the  pump  well.     Being  located  so  far 
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from  these  imderdrains,  the  danger  of  unfiltered  water  reaching 
the  pump  well  from  the  disturbance  of  the  bed  was  reduced  to  a 
minimum. 

"The  foundation  section  of  the  walls  is  of  three  different  thick- 
nesses, stepping  up  from  4  feet  in  thickness  at  the  bottom  to  2  feet 
8  inches  in  thickness  just  below  the  surface  of  the  bed.  Each  step 
in  the  concrete  has  a  rise  of  9  inches  and  a  tread  of  4  inches,  and 
makes  an  indirect  course  for  the  water  down  the  sides  of  the  foun- 
dation, and  gives  a  bond  for  the  sand  filling. 

"The  exposed  section  of  the  wall  above  the  surface  of  the  bed  is 
2  feet  thick,  capped  with  a  pointed  granite  flagging  1  foot  thick 
and  of  a  width  just  equal  to  the  thickness  of  the  wall.  The  top 
edge  of  this  flagging  is  rounded,  leaving  no  sharp  edges  to  be 
broken  off  in  the  process  of  cleaning  the  bed  of  ice. 

'■  The  concrete  walls  run  into  the  embankment  at  either  end  suffi- 
ciently to  prevent  the  water  leaking  around  them  from  one  bed 
into  the  adjoining  bed. 

"The  valves  on  the  feed  pipe  are  located  in  small  concrete  cham- 
bers built  close  to  the  walls  in  one  corner  of  the  different  sections. 

"A  concrete  apron  outside  the  gate  chamber  receives  the  first 
wash  of  the  water  in  refilling  the  bed  from  the  river,  and  prevents 
the  surface  of  the  bed  from  being  disturbed. 

"  We  anticipated  that  the  foundations  would  be  in  river  silt, 
and  not  very  firm,  so  the  plan  w^as  made  for  a  plank  foundation, 
but  the  bottom  of  the  trench  at  the  depth  to  which  it  was  exca- 
vated was  found  so  firm  and  solid  that  the  only  plank  used  in  the 
foundation  was  a  strip  about  16  feet  long  over  the  filtered  water 
conduit  under  the  easterly  wall." 

RESERVOIR. 

Plate  VII  is  a  view  of  the  reservoir  taken  from  the  top  of  the 
high-service  tower,  looking  east. 

EFFICIENCY    OF    THE    FILTER, 

The  following  tables  show  the  bacterial  efficiency  of  the  filter 
for  1901  and  for  the  first  seven  months  of  1903,  and  the  typhoid 
fever  cases  and  deaths  for  1901  and  1902: 
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Table  No.  1.  —  Bacterial  Efficiency  of  the  Lawrence 
Filter. 

Monthly  Averages   of    Daily   Bacterial  Analyses    op  Water   from 
Different  Places  in  the  Lawrence  Distribution  System. 

{Bacteria  per  cubic  centimeter.) 


River  at 
Intake  of 

Effluent  from  Filter. 

Outlet 
of 

Tap 

Month . 

Perc't.  of  Bac- 

at 

Filter. 

Bacteria. 

teria  Removed 
by  Filtration. 

Reservoir. 

City  Hall. 

1901 

January 

5  600 

61 

98.9 

38 

34 

February 

2  500 

24 

99.0 

21 

32 

March 

8  900 

50 

99.4 

22 

26 

April 
May 

1400 

15 

98.9 

16 

17 

1  400 

8 

99.4 

12 

9 

June 

3  000 

58 

98.1 

49 

25 

July 

1  800 

11 

99.4 

8 

12 

August 

1600 

18 

98.8 

11 

14 

September 

1  800 

15 

99.2 

12 

9 

October 

1900 

22 

98.8 

7 

11 

November 

1  300 

7 

99.5 

7 

6 

December 

5  300 

22 

99.6 

24 

26 

*1901 

3  000 

26 

99.1 

19 

18 

1903 

January 

12  500 

58 

99.5 

70 

71 

February 

7  000 

33 

99.5 

98 

75 

March 

4  100 

20 

99.5 

43 

38 

April 

2  200 

12 

99.5 

15 

19 

'May 

4  100 

18 

99.6 

24 

24 

June 

18  200 

14 

99.9 

32 

45 

July 

3  800 

18 

99.5 

24 

27 

*  Average  of  the  monthly  averages. 

(Figures  furnished  by  State  Board  of  Health.) 
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DESCRIPTION    OF    PROPOSED    NEW    FILTER. 

The  new  covered  slow  sand  filter  to  be  built  at  Lawrence,  Mass., 
from  designs  of  Mr.  Morris  Knowles,  C.E.,  formerly  a  member  of 
the  Lawrence  Water  Board,  will  be  located  west  of  the  present 
open  filter,  and  will  be  separated  from  it  by  a  depressed  court 
with  granolithic  pavement  for  the  washing  and  storing  of  sand. 

In  general  design  the  new  filter  will  be  similar  to  the  filters  at 
Albany,  N.  Y.,  and  Philadelphia,  Pa.,  with  concrete  floor,  walls, 
and  vaulting.  The  filter  will  be  313  feet  long  and  103  feet  wide 
inside,  and  will  give  a  net  filtering  area  of  about  f  of  an  acre. 

The  floor  will  be  built  in  the  form  of  inve-  ted  groined  arches, 
6  inches  thick  at  the  center  and  15  inches  thick  under  the  piers. 
The  concrete  piers  supporting  the  vaulting  will  be  15  feet  center  to 
center  and  will  be  22  inches  square  down  to  the  sand  fine,  and  from 
this  point  batter  out  to  2  feet  6  inches  at  the  base. 

The  outside  walls  will  be  24  inches  thick  at  the  water  fine,  with 
the  outside  batter  varying  from  1  in  5  to  1  in  12,  according  to 
their  position.  The  vaulting  is  to  be  built  of  concrete  in  the  form  of 
semi-elliptical  groined  arches,  with  a  clear  span  of  13  feet  2  inches, 
rise  of  2  feet  9  inches,  6  inches  thick  at  the  crown,  and  21  inches 
thick  over  the  piers.  Ventilator  openings  will  be  provided  for 
the  admission  of  light  and  air  during  scraping.  On  top  of  the 
vaulting  a  layer  of  material  3  feet  thick  will  be  placed. 

The  filter  will  also  be  provided  with  a  sand  run  entrance  and 
inchne  to  allow  for  going  in  and  out  of  the  filter  for  the  purpose  of 
removing  or  replacing  sand. 

The  underdrain  system  will  consist  of  a  concrete  main  collector 
in  the  form  of  an  arch  above  the  general  floor  level,  running  the 
whole  length  of  the  filter,  in  the  center  bay.  This  collector  is  pro- 
vided with  three  manholes,  to  permit  of  entrance  for  cleaning,  if 
occasion  demands.  From  this  main  collector  the  laterals  start 
out  as  12-inch  terra-cotta  channel  pipe,  laid  with  open  joints,  and 
after  running  a  distance  of  about  15  feet  reduce  to  6-inch  terra- 
cotta pipe,  laid  with  open  joints,  and  extend  to  the  center  of  the 
outside  bay. 

The  plan  provides  for  12  inches  of  gravel  about  the  underdrains, 
and  4^  feet  of  fiHer  sand. 

In  the  operation  of  the  filter  the  river  water  will  be  carried  from 
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the  present  gate  house  by  gravity  through  a  24-inch  cast-iron  pipe 
to  the  inlet  chamber  in  one  corner  of  the  filter,  where  the  flow  is 
to  be  regulated  by  a  regulating  valve  of  special  design.  The  water 
then  overflows  the  weirs  in  the  walls  of  this  chamber,  and  is  car- 
ried by  open  troughs  down  along  the  side  walls  of  the  fllter.  These 
troughs  are  provided  with  orifices  of  varying  sizes,  according  to 
their  position  in  the  filter,  so  that  the  inflowing  water  is  uniformly 
distributed  over  the  whole  area  of  the  bed  without  disturbing  the 
sand.  The  water  then  passes  down  through  the  sand  and  gravel 
to  the  laterals,  and  by  them  is  carried  to  the  main  collector  al- 
ready mentioned. 

It  then  passes  out  through  a  24-inch  cast-iron  pipe  and  flows  to 
the  pump  well  of  the  present  pumping  station,  where  the  flow  is 
regulated  by  a  float  valve  similar  to  those  at  Albany  and  Phila- 
delphia. 
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PROCEEDINGS. 

June  Field  Day. 

Waltham  and  Newton,  Mass., 
June  10,  1903. 

The  June  meeting  of  the  Association  was  held  at  Norumbega 
Park,  Auburndale,  Mass.,  on  Wednesday,  June  10,  1903. 

Program.  —  Sail  on  Charles  River,  call  at  Waltham  Pumping 
Station,  dinner  at  Norumbega  Park,  visit  to  Waltham  Watch 
Factory. 

Itinerary.  —  Leave  Boston  for  Waltham  at  8.59  a.m.  from 
North  Station  (Fitchburg  Division). 

Leave  Waltham,  Moody  Street  Bridge,  by  Charles  River  steam- 
boat, at  9.30  A.M. 

Arrive  at  Pumping  Station  of  Waltham  Water  Works  at  9.45 

A.M. 

Leave  Pumping  Station  at  10.15  a.m. 
Arrive  at  Norumbega  Park  at  10.45  a.m. 
Meeting  of  the  Executive  Committee  at  11  a.m. 
Dinner  in  pavilion  at  11.30  a.m. 

Arrive  at  Watch  Factory  at  1.45  p.m.     About  two  hours  spent 
in  passing  through  the  factory. 
•  The  following  were  in  attendance: 

Members. 
S.  A.  Agnew,  C.  H.  Baldwin,  L.  M.  Bancroft,  G.  A.  P.  Bucknam,  M.  F. 
Collins,  W.  R.  Conard,  F.  W.  Dean,  H.  F.  Gibbs,  A.  S.  Glover,  J.  O.  Hall, 
b.  A.  Heffernan,  H.  G.  Holden,  J.  A.  Jones,  E.  W.  Kent,  Willard  Kent,  W.  A. 
Kilbourn,  G.  A.  King,  C.  F  Knowlton,  D.  A.  Makepeace,  W.  E.  Maybury, 
F.  E.  Merrill,  H.  A.  Miller,  J.  W.  Moran,  Thomas  Naylor,  G.  A.  Sanborn, 
C.  W.  Sherman,  H.  O.  Smith,  J.  E.  Smith,  G.  A.  Stacy,  J.  T.  Stevens,  W.  F. 
Sullivan,  W.  H.  Thomas,  D.  N.  Tower,  C  K.  Walker,  J.  C.  Whitney,  W.  P. 
Whittemorc,  Frank  B.  Wilkins,  G.  E.  Winslow,  E.  T.  Wiswall.  —  39. 

Associates. 
Ashton  Valve  Co.,  by  C.  W.  Houghton;  Barr  Pumping  Engine  Co.,  by  H.  E. 
Grant;  Builders  Iron  Foundry,  by  Frederick  N.  Connet;  Chapman  Valve 
Mfg.  Co.,  by  Edward  F.  Hughes;  Coffin  Valve  Co.,  by  H.  L.  Weston;  Garlock 
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Packing  Co.,  by  Horace  Hart;  Hersey  Mfg.  Co.,  by  Albert  8.  Glover  and 
Walter  A.  Hersey;  William  Briggs,  by  Wm.  Woodburn;  Henry  F.  Jenks; 
Lamb  &  Ritchie,  by  H.  F.  Peck;  Lead-Lined  Iron  Pipe  Co.,  by  T.  E.  Dwyer; 
National  Meter  Co.,  by  Charles  H.  Baldwin  and  J.  G.  Lufkin;  Neptune  Meter 
Co.,  by  H.  H.  Kinsey;  Perrin,  Seanians  &  Co.,  by  J.  C.  Campbell;  Ross  Valve 
Co.,  by  Wm.  Ross;  Sweet  &  Doyle,  by  H.  L.  DeWolfe;  Thom.son  Meter  Co. 
by  S.  D.  Higley;  Union  Water  Meter  Co.,  by  J.  P.  K.  Otis;  International 
Steam  Pump  Co.,  by  Samuel  Harrison.  — •  21. 

Guests. 

F.  E.  Hunter,  West  Newton,  Mass.;  L.  P.  Stone,  Natick,  Mass.;  Frank  P. 
Fisk,  Milford,  N.  H.;  F.  W.  Ingersoll,  Engineer  Pumping  Station,  Gloucester, 
Mass.;  Mrs.  George  E.  Winslow,  Waltham,  Mass.;  Mrs.  Wm.  E.  Maybury, 
Braintree,  Mass.;  Mrs.  Samuel  Harrison  and  Mrs.  D.  S.  Dow,  Somerville, 
Mass.;  Mrs.  Thomas  Naylor,  Maynard,  Mass.;  Mrs.  Willard  Kent,  Narra- 
gansett  Pier,  R.  I.;  R.  J.  Crowley,  Member  Water  Board,  Lowell,  Mass.; 
Miss  Almira  Winslow,  Mrs.  C.  W.  Houghton,  J.  O.  Cheever,  Boston,  Mass. — 14. 

After  dinner  the  Association  was  called  to  order  by  President 
Charles  K.  Walker;  the  Secretary  read  the  names  of  the  following 
appHcants  for  membership,  who  were  recommended  by  the  Ex- 
ecutive  Committee: 

For  Resident  Member. 

Samuel  C.  Manley,  Augusta,  Me.,  President  and  General  Man- 
ager Maine  Water  Company;  W.  J.  Wetherbee,  T.eominster,  Mass., 
Superintendent  and  Registrar,  Leominster  Water  Works;  M.  J. 
Doherty,  Natick,  Mass.,  Engineer  Metropolitan  Water  Works  at 
Pegan  Filter  Beds. 

For  Non^Resident  Member. 

William  Booth  Bryan,  London,  England,  Engineer-in-Chief 
East  London  Water  Works  Co.;  George  T.  Ingersoll,  Schenectady, 
N.  Y.,  Superintendent  of  Water  Works;  J.  S.  Robinson,  Columbia, 
Tenn.,  Superintendent  of  the  Columbia  Water  &  Light  Co. ;  Robert 
X.  Ellis,  Jacksonville,  Fla.,  Superintendent  of  Water  Works. 

On  motion,  the  Secretary  was  instructed -to  cast  one  ballot  in 
favor  of  the  appHcants,  which  he  did,  and  they  were  thereupon 
declared    elected. 

The  President  announced  that  Mr.  Henry  F.  Jenks  had  been 
appointed  a  committee  to  arrange  for  the  exhibits  of  Associates 
at  the  Montreal  Convention. 

The  business  meeting  then  adjourned 
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EXECUTIVE   COMMITTEE. 

Records  of  Meeting  of  the  Executive  Committee  of  the  Neiv  England 
Water  Works  Association,  Friday,  April  17,  1903,  at  head- 
quarters, Tremont  Temple,  Boston,  Mass. 

Present:  President  Charles  K.  Walker,  V.  C.  Hastings,  Edwin  C. 
Brooks,  George  A.  Stacy,  H.  G.  Holden,  Willard  Kent,  L.  M. 
Bancroft,  Charles  W.  Sherman,  Robert  J.  Thoinas,  Frank  E. 
Merrill. 

The  following  letter  from  Mr.  S.  E.  Tinkham,  Secretary  of  the 
Boston  Society  of  Civil  Engineers,  with  reference  to  the  admission 
of  the  New  England  Association  of  Gas  Engineers  to  joint  occu- 
pancy of  rooms  in  Tremont  Temple,  was  read : 

Boston  Society  of  Civil  Engineers, 
715  Tremont  Temple, 
Boston,  Mass.,  April  6,  1903. 
Mr.  Willard  Kent,  Sec'y  N.  E.  W.  W.  Association, 
Narragansett  Pier,  R.  I.: 
Dear  Sir,  —  The  New  England  Association  of  Gas  Engineers  has  asked  this  society  if 
arrangements  can  be  made  by  which  that  Association  can  use  for  its  headquarters  the  rooms 
now  used  jointly  by  the  Water  Works  Association  and  the  Engineers'  Society. 

The  Association  of  Gas  Engineers  has  a  membership  of  about  two  hundred  men  con- 
nected with  the  various  gas  companies  in  the  New  England  states.  At  present  it  holds 
one  meeting  or  convention  each  year  at  some  hotel  in  Boston,  but  it  is  the  hope  of  its 
officers  that  by  having  a  place  in  Boston  where  its  members  can  drop  in  when  they  have 
a  few  minutes  to  spare  and  examine  the  periodicals  on  our  tables,  the  usefulness  of  the 
society  and  the  interest  of  its  members  may  be  increased. 

The  Board  of  Government  of  the  Engineers'  Society  have  assured  the  directors  of  the 
Gas  Association  that  they  viewed  with  favor  any  movement  tending  towards  a  common 
headquarters  ofjthe  several  engineering  organizations  located  in  Boston,  but  inasmuch  as 
the  rooms  were  used  jointly  with  the  Water  Works  Association,  no  definite  answer  could 
be  given  until  after  consultation  with  that  Association. 

In  order  that  the  matter  may  be  fully  and  carefully  considered,  the  Engineers'  Society 
has  appointed  a  committee  of  three  from  its  Board  of  Government,  who  are  authorized 
to  represent  that  society  and  to  act  definitely  in  the  matter. 

If  your  Executive  Committee  look  favorably  upon  this  bringing  together  of  organiza- 
tions having  similar  objects,  it  is  suggested  that  a  committee  from  its  members  be  appointed 
to  confer  with  our  committee  and  see  if  some  arrangement  cannot  be  made  beneficial  to 
all  interested. 

Very  truly  yours, 

S.  E.  TxNKpAM,  Secretary. 

and  after  due  consideration  and  a  general  discussion,  Willard 
Kent,  Charles  W.  Sherman,  and  L.  M.  Bancroft  were,  on  motion 
of  Robert  J.  Thomas,  elected  a  committee  with  power  to  act, 
to  confer  with  the  committee  from  the  Board  of  Government  of 
the  Boston  Society  of  Civil  Engineers,  to  consider  the  question 
of  increase  of  salary  of  the  assistant  secretary  and  to  make  such 
definite  arrangements  as  might  be  deemed  advisable  in  the 
premises. 

Messrs.  Horace  G.  Holden  and  Frank  E.  Merrill  of  the  com- 
mittee on  June  and  September  meetings  reported  at  length  with 
relation  to  the  same,  and  on  request  of  the  committee  and  by 
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direction  of  President  Charles  K.  Walker,  Mr.  J.  0.  A.  LaForest, 
of  Montreal,  was  made  an  additional  member  of  the  committee 
on  the  September  convention. 

No  further  business  appearing,  the  meeting  was  adjourned 
without  day. 

Attest : 

WiLLARD  Kent,  Secretary. 
Records  of  Meetinc/  of  the  Executive  Committee  of  the  New  England 

Water  Works  Association  held  at  Norumbega  Park,  Auhurndale, 

June  10,  1903. 

Present:  President  Charles  K.  Walker,  E.  W.  Kent,  George  A. 
Stacy,  H.  G.  Holden,  Willard  Kent,  L.  M.  Bancroft,  Charles  W. 
Sherman. 

The  following  appUcations  were  considered  and  the  apphcants 
recommended  for  membership  in  the  Association:  Samuel  C. 
Manley,  Augusta,  Me.;  W.  J,  Wetherbee,  Leominster,  Mass.; 
M.  J.  Doherty,  Natick,  Mass.;  Wm.  Booth  Bryan,  Clapton,  Lon- 
don; George  T.  Ingersoll,  Schenectady,  N.  Y.;  J.  S.  Robinson, 
Columbia,  Tenn.;  and  Robert  N.  Elhs,  Jacksonville,  Florida. 

Attest : 

Willard  Kent,  Secretary. 

Meeting    of  the    Executive  Committee  of   the  Neva  England    Water 
Works  Association  was  held  on  August  13,  1903. 

Present:  President  Charles  K.  Walker,  V.  C.  Hastings,  E.  C. 
Brooks,  C.  W.  Sherman,  L.  M.  Bancroft,  R.  J.  Thomas,  G.  A. 
Stacy,  and  Willard  Kent. 

The  following  appHcations  are  considered  and  the  applicants 
recommended  for  membership  in  the  Association :  C.  D wight  Sharpe, 
of  Putnam  Conn.;  Tyler  H.  Bird,  of  Belfast,  Me.;  George  S.  Brown, 
of  Danielson,  Conn.;  Bernon  E.  Helme,  of  Kingston,  R.  I.;  Phil  S. 
Smith,  of  MontpeHer,  Vt.;  Thomas  Wilham  Lesage,  Montreal, 
Canada;  S.  A.  Stearns,  Granite,  111.;  George  Janin,  Montreal, 
Canada;   and  Jos.  D.  Pointer,  of  Palatka,  Fla. 

On  recommendation  of  Mr.  Sherman  the  following  amendment 
to  the  Constitution  is  approved  by  the  Executive  Committee, 
and  it  is  voted  that  the  proposed  amendment  be  presented  to 
the  Association  for  action  at  the  September  Convention: 
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PROPOSED    AMENDMENT    TO    CONSTITUTION,    ARTICLE    IV. 

Strike  out  from  Section  2  the  following: 

"  which  shall  include  a  subscription  to  the  Journal  of  the  New 
England  Water  Works  Association." 

Add  a  new  section  as  follows : 

"  Section  4.  Three  dollars  of  the  dues  of  each  member  or 
associate,  or  such  portion  thereof  as  may  be  required,  shall  annu- 
ally be  apphed  to  payment  of  a  subscription  to  the  Journal  of 
the  New  England  Water  Works  Association." 

The  report  of  the  sub-committee,  consisting  of  Messrs.  Sher- 
man, Bancroft,  and  Kent,  on  the  sub-lease  of  Association  head- 
quarters and  salary  of  assistant  secretary,  is  made  as  follows: 
That  the  following  agreement  has  been  made  with  the  Boston 
Society  of  Civil   Engineers: 

Memorandum  of  an  agreement  made  April  30,  1903,  hij  a  committee  repre- 
senting the  Executive  Committee  of  the  New  England  Water  Works  A  ssociation 
and  a  committee  representing  the  Board  of  Government  of  the  Boston  Society  of 
Civil  Engineers. 

First.  That  authority  be  given  to  the  New  England  Association  of  Gas 
Engineers  to  use  the  rooms  now  occupied  jointly  by  the  two  societies  and  to 
place  upon  the  shelves  such  books  as  the  Gas  Association  desire. 

Second.  That  the  price  of  this  use  of  the  rooms  to  be  paid  by  the  Gas 
Association  be  fLxed  at  one  hundred  dollars  ($100)  for  one  year. 

Third.  That  the  income  from  this  rental  constitute  an  Improvement 
Fund  for  the  improvernent  of  the  rooms  and  furniture,  to  be  expended  with 
the  approval  of  the  secretaries  of  the  two  societies. 

WiLLARD  Kent,  E.  W.  Howe, 

Charles  W.  Sherman,  S.  E.  Tinkham, 

Lewis  M.  Bancroft,  F.  P.  McKibben, 

Committee  of  the  New  England  Water  Committee  of  the  Boston  Society  of 

Works  Association.  Civil  Engineers. 

and   that    the   salary  of   the  assistant  secretary  has  been  made 
S35  per  month. 

Whereupon  it  is  voted  that  the  report  of  the  sub-committee 
be  accepted  and  their  action  approved. 

Voted :  That  Wilham  Lyman  Underwood  be  invited  to  address 
the  Association  at  Montreal  on  the  subject  of  "Mosquitoes,  and 
Suggestions  for  their  Extermination,"  and  that  his  expenses  in 
connection  therewith  be  borne  by  the  Association. 

.Adjourned. 

Willard  Kent,  Secretary. 
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Charles  F.  Parks,  who  was  elected  a  member  of  the  Associa- 
tion on  December  11,  1889,  died  on  April  21,  1903. 

He  was  born  April  10,  1850,  and  was  educated  as  a  civil  en- 
gineer at  the  Massachusetts  Institute  of  Technology.  After 
leaving  the  Institute  he  began  .practice  in  general  engineering 
work  at  Waltham,  Mass.,  and  later  became  engineer  for  the  town. 
In  1885  he  formed  a  partnership  with  Mr.  William  Wheeler  under 
the  firm  name  of  Wheeler  &  Parks ;  the  firm  built  the  water  works 
at  Belfast,  Me.;  Exeter  and  Derry,  N.  H.;  Putnam,  Danielson, 
Portland,  Stonington,  and  Mystic,  Conn. ;  Braintree  and  Cottage 
City,  Mass.;  Palatka,  Fla.;  Paris  and  Winchester,  Ky.;  and  also 
reconstructed  the  works  at  Ashland,  Wis.,  and  Knoxville,  Tenn. 
The  partnership  was  dissolved  in  1894.  Mr.  Parks  subsequently 
built  the  water  works  at  Pittsfield,  Me.,  but  thereafter  until  the 
time  of  his  death  he  devoted  the  greater  part  of  his  time  to  his 
private  interests  and  to  the  care  of  his  health. 


James  M.  Gale,  for  forty  years  chief  engineer  of  the  water 
department  of  Glasgow,  Scotland,  died  September  7,  1903.  He 
was  born  in  Ayr  in  1830,  and  at  the  age  of  fourteen  he  joined 
the  engineering  staff  of  an  elder  brother,  WilHam  Gale,  then 
engineer  for  the  Gorbals  Water  Company,  with  whom  he  re- 
mained until  1855.  During  this  time  he  attended  the  famous 
engineering  lectures  of  Professor  Rankine  and  the  mathematical 
lectures  of  Professor  Laing.  In  1855  he  was  appointed  resident 
engineer  on  the  city  section  of  the  Glasgow  water  works,  then 
being  constructed  under  J.  F.  Bateman,  and  on  their  completion 
in  1859  he  was  appointed  chief  engineer.  From  that  time  until 
1902  he  was  in  continuous  charge  of  the  works.  Under  his  direc- 
tion the  waste  of  water  was  curtailed  and  many  important  new 
works  built,  including  a  second  aqueduct  from  Loch  Katrine. 

Mr.  Gale  was  elected  an  Honorary  Member  of  the  New  England 
Water  Works  Association  on  January  16,  1889. 
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This  Association,  as   a  body,  is  not  responsible  for  the  statements  or  opinions  of  any 
of  its  members. 


SOME  SIX-INCH  METER  TESTS  AND  HOW  THEY 
WERE   MADE. 

BY   FRANK   C.    KIMBALL,    SUPERINTENDENT   OF   WATER    WORKS, 
KNOXVILLE,    TENN. 

{Presented  September  10,  1903.] 

The  Knoxville  Water  Company,  through  its  treasurer,  last 
winter,  deeming  it  expedient  to  know  the  retardation  or  loss  of 
pressure  caused  by  6-inch  meters  of  certain  types  and  makes, 
instructed  the  writer  to  investigate  and  report  upon  this  subject 
as  fully  as  possible.  Interviews  with  various  meter  manufactur- 
ers and  others,  as  well  as  an  examination  of  such  Hterature  as 
might  bear  on  this  subject,  disclosed  the  fact  that  with  very  few 
exceptions,  no  information  upon  the  matter  under  discussion 
was  available  to  the  water  works  fraternity.  The  two  most 
notable  exceptions  to  this  statement  are  the  tests  made  by  Mr.  E. 
V.  French  in  1896  and  1897,  of  one  3-inch,  six  4-inch,  one  6-inch, 
and  one  8-inch  meter,  some  results  of  which  were  published  in 
Volume  XII,  page  73,  of  the  Journal  of  this  Association;  and  the 
testing  of  two  6-inch  meters,  incident  to  the  testing  of  numerous 
fire  hydrants,  by  Mr.  Charles  L.  Newcomb,  M.  Am.  Soc.  M.  E., 
at  Holyoke,  Mass.,  in  1897  and  1898,  the  results  of  which  were 
published  in  Volume  XX  of  the  Transactions  of  that  Society; 
and  to  these  two  valuable  contributions  on  this  subject  I  would 
recommend  your  careful  attention.  As,  however,  this  informa- 
tion did  not  fully  answer  the  requirements  of  our  company,  it 
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was  thought  desirable  to  make  tests  ourselves  along  these  lines. 
With  this  end  in  view  a  letter  was  addressed  in  March  last  to  all 
known  meter  manufacturers  in  the  country,  asking  them  to  sub- 
mit a  6-inch  meter  of  each  type  made  by  them,  the  same  to  be 
subject  to  tests,  including  amongst  others  the  following: 

First.  To  determine  the  loss  of  head  or  retardation  of  flow 
by  the  passage  through  them  of  varying  quantities  of  water, 
say  from  25  cubic  feet  per  minute  to  as  large  an  amount  as  would 
flow  under  the  conditions  resulting,  possibly  as  high  as  300  to 
400  cubic  feet  per  minute  in  some  types  of  meters. 

Second.  To  determine  how  small  a  stream  each  meter  would 
register,  and  with  what  per  cent,  of  slip  or  leakage,  or,  in  other 
words,  what  the  unrecorded  flow  will  amount  to  on  various  dis- 
charges, from  the  smallest  stream  possible  to  register,  as  well 
as  their  accuracy  on  various-sized  streams  up  to  their  capacity. 

It  was  also  stated  in  the  same  letter  of  invitation  that  the 
results  of  such  tests  might  be  used  in  discussion  before  this  or 
other  associations,  and  for  this  reason  we  desired  to  have  as  many 
kinds  of  meters  represented  as  possible. 

Of  the  nine  companies  to  whom  this  invitation  was  addressed, 
one  replied  that  it  made  nothing  larger  than  2-inch  meters,  and 
therefore  could  not  accept;  two  dechned  to  send,  while  another 
agreed  to  send  one,  but  failed  to  do  so ;  leaving  five  who  responded 
by  sending  nine  different  meters.  As  those  submitted  included 
four  of  the  so-called  rotary  or  piston  type, — namely,  the  Hersey 
Rotary,  the  Crown,  the  Empire,  and  the  Union;  two  of  the  disc 
type,  the  Hersey  Disc  and  the  Keystone  of  the  Pittsburg  Com- 
pany; and  three  of  the  so-called  current  type,  the  Torrent,  the 
Gem,  and  the  Standard, — a  sufficiently  wide  range  of  styles  and 
]iinds  was  tested  to  gain  fairly  good  comparative  results,  so 
that  from  the  data  herewith  submitted  we  may  be  assisted  in 
selecting  such  type  and  style  of  meter  as  will  best  answer  the 
particular  purpose  for  which  meters  may  be  desired. 

As,  however,  new  types  of  meters  are  occasionally  placed 
upon  the  market,  and  as  meters  already  known  are  from  time  to 
time  improved  or  claims  made  of  improvements,  and  as  for  lack 
of  testing  and  knowledge  of  them  their  adoption  is  a  matter 
of  uncertainty,  with  water  departments,  it  was  assumed  that 
this  Association  would  be  as  much  interested  in  the  details  of 
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the  apparatus  and  the  method  of  testing  as  in  the  results  ob- 
tained, more  particularly  as  the  expense  of  installing  a  perma- 
nent testing  plant  for  large  meters  is  not  great,  comparatively 
speaking.  By  the  installation  of  such  testing  plants  in  several 
of  the  larger  cities  within  the  hmits  of  the  members  of  this  Asso- 
ciation, there  would  result,  in  our  opinion,  a  toning  up,  as  it 
were,  of  the  meter  manufacturers  to  a  more  thorough  considera- 
tion of  the  requirements  of  both  water  departments  and  insur- 
ance underwriters.  There  would  also  be  a  more  potent  incentive 
to  manufacturers  to  turn  out  large-sized  meters  which  would  fulfill 
the  requirements  of  close  registration  on  both  small  and  large 
streams,  knowing  that  such  meters  would  undergo  the  same  care 
in  testing  as  is  now  so  generally  given  to  the  smaller,  or  house 
meters.  In  addition  to  this,  such  a  system  of  tests  would  give 
the  managers  of  water  plants  sufficient  data  to  enable  them  to 
determine  the  selection  of  the  meter  best  suited  to  the  particular 
work  it  is  do  to,  and  to  see,  when  it  is  received  and  before  placing, 
that  it  would  do  it,  and  thus  do  away  with  that  large  amount 
of  guesswork,  now  frequently  indulged  in,  as  to  the  capacity 
and  performance  of  meters  above  2  inches  in  size,  to  the  disad- 
vantage at  times  of  both  the  water  departments  and  consumers, 
neither  being  satisfied  that  they  are  not  getting  the  worst  end 
of  the  bargain.  That  there  is  uncertainty,  even  in  the  minds  of 
meter  manufacturers,  as  to  just  what  their  own  meters  in  the 
larger  sizes  will  do  was  particularly  emphasized  to  the  writer, 
when,  in  asking  one  of  them  how  close  a  certain  meter  of  his 
would  register  on  certain-sized  streams  and  how  much  retarda- 
tion there  would  be  in  it  under  certain  flows,  the  reply  was  made 
that,  to  his  knowledge,  but  one  meter  company  in  the  country 
was  in  position  to  make  such  tests  with  any  degree  of  accuracy 
on  large-sized  meters;  and,  naturally  supposing  him  to  be  refer- 
ring to  his  own  company,  upon  asking  what  company  it  was, 
the  rather  surprising  answer  was  received  that  it  was  a  competitor 
of  his.  Asking  him  then  how  he  knew  what  his  meters  would 
do,  the  reply  was  that  very  careful  experiments  were  made  upon 
all  sizes  of  meters  up  to  and  including  2-inch,  and  occasionally 
on  3-  and  4-inch  where  possible,  and  from  these  the  construction 
details  of  the  larger  sizes  were  designed  and  their  effectiveness 
obtained  by  comparison.      Assuming  the  above  to   be  facts,  a 
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more  definite  knowledge  by  water-works  officials  of  what  can 
or  cannot  be  done  by  meters,  which  at  the  present  time  are  pur- 
chased largely  upon  faith  in  the  manufacturer,  is  a  necessity, 
although  I  must  not  be  understood  as  saying  that  any  of  the 
manufacturers  would  intentionally  misstate  the  performance  of 
their  particular  meters.  On  the  contrary,  I  have  more  than  once 
been  informed  by  them,  when  asking  for  certain  facts,  that  while 
they  thought  certain  results  would  be  attained,  they  could  not 
positively  guarantee  that  they  would  be;  and  their  statements 
to  me  as  a  rule  have  been  conservative  rather  than  otherwise. 
For  these  reasons  I  do  not  hesitate  to  trespass  upon  your  time 
to  explain  rather  fully  how  these  tests  were  made,  in  the  hope 
that  it  will  bring  out  discussion  as  to  the  needs  of  such  testing 
apparatus  and  suggestions  as  to  how  the  methods  employed  by 
us  may  be  improved,  with  the  further  result  that  meter  manufac- 
turers or  others  may  supply  the  trade  with  suitable  apparatus 
for  this  purpose. 

The  first  requisites  for  tests  of  this  description  are  an  adequate 
supply  of  water  and  facilities  for  quickly  getting  rid  of  it,  as  at 
times  possibly  a  discharge  of  2  500  to  3  000  gallons  per  minute  or 
even  more  will  be  desired.  The  tests  described  were  made  at 
the  river  pumping  station  of  the  Knoxville  Water  Company, 
which  is  situated  upon  the.  northerly  bank  of  the  Tennessee 
River  at  Knoxville,  Tenn.,  a  general  view  of  which  is  shown  on 
Plate  I.  Reference  to  Fig.  1  will  also  show,  in  the  lower  left- 
hand  corner,  a  general  plan  of  the  pumping  station  buildings, 
river  bank,  and  intake  tower.  The  water  for  these  tests  was 
obtained  through  the  14-inch  main  shown  on  that  plan,  this 
force  main  coming  directly  from  the  low-service  reservoir  of  the 
-company,  which  is  about  2  625  feet  from  the  point  where  the 
6-inch  wrought-iron  pipe  shown  is  taken  off.  This  6-inch  pipe, 
which  was  laid  expressly  for  this  work,  was  100  feet  in  length 
from  its  connection  with  the  14-inch  main  to  piezometer  ring 
"  B  "  on  Fig.  1.  High-water  fine  in  the  reservoir  is  at  elevation 
247.5,  low-water  line  in  the  river  being  grade  10,  and  the  general 
level  of  the  testing  apparatus,  53.5.  During  the  progress  of  the 
tests  the  reservoir  ranged  from  full  to  4  feet  out,  making  its 
average  elevation  about  245.5  and  the  average  available  static 
head  192  feet,  or  a  little  over  83  pounds  pressure  when  no  water 
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was  being  drawn.  This  14-inch  main,  being  a  reserve  force 
main  and  not  ordinarily  used  for  pumping,  and  coming  as  it  did 
directly  from  the  reservoir,  was  well  fitted  for  this  purpose  and 
gave  pressures  fairly  free  from  vibrations  and  with  compara- 
tively small  loss  of  head  by  friction  under  the  heavier  flows  used. 
The  water  after  passing  through  the  meter  was  discharged  into 
the  air,  an  open  trough  shown  both  on  Plate  I  and  in  Fig.  1 
catching  it  as  it  fell  from  the  discharge  nozzle  and  conducting  it 
into  the  river  without  washing  the  banks,  although  some  of  these 
streams  were  projected  well  into  the  river  with  very  little  of  the 
water  falling  into  the  trough. 

METHODS    AND    APPARATUS. 

The  general  methods  used  in  these  nozzle  tests  followed  those 
described  by  Mr.  John  R.  Freeman  in  his  very  excellent  paper 
on  "  Hydrauhcs  of  Fire  Streams,"  as  pubhshed  in  Volume  XXI 
of  the  Transactions  of  the  American  Society  of  Civil  Engineers, 
and  those  in  his  paper  on  ''  The  Nozzle  as  an  Accurate  Water 
Meter,"  published  in  the  Transactions  of  the  same  society. 
Volume  XXIV,  and  to  these  valuable  papers  I  am  largely  in- 
debted for  ways  and  methods  used.  Similar  methods  were 
employed  by  Mr.  E.  V.  French  and  Mr.  C.  E.  Newcomb  in  making 
the  tests  heretofore  referred  to:  Fig.  1  shows  in  detail  the  arrange- 
ment of  the  apparatus.  Measurements  of  water  pressure  were 
in  all  cases  taken  by  means  of  an  open  mercury  column  with 
scale  graduated  to  read  directly  in  pounds  pressure  per  square 
inch,  the  glass  tube  being  about  yV  i^^ch  in  diameter  in- 
ternally and  f  outside.  This  tube,  by  means  of  a  stuffing  box, 
was  connected  to  the  outlet  of  the  mercury  cistern,  this  outlet 
being  from  the  bottom  of  the  cistern,  and  controlled  by  a  small 
valve  so  that  the  mercury  could  be  shut  off  if  necessary  at  any 
time.  The  mercury  cistern  was  an  aluminum  pot,  rectangular 
in  plan  and  about  4  by  5  inches  in  size  by  about  3  inches  high, 
to  one  side  of  which  was  fastened  the  scaleboard  and  glass 
tubing.  A  small  circular  glass  window  in  this  side  of  the  cistern 
allowed  the  zero  of  the  scale  to  be  compared  at  all  times  with 
the  level  of  the  mercury  in  the  cistern,  which  level  was  compared 
several  times  daily  and  mercury  added  if  from  leakage  any  had 
escaped,  which,  however,  was  seldom.     Two  :^-inch  connections 


Plate  I. 


KIMBALL.  311 

were  in  the  top  of  the  cistern,  one  of  which  had  a  short  nipple, 
an  elbow,  and  another  nipple  of  ^-inch  pipe,  to  which  stout  rubber 
hose  was  attached  by  means  of  wire  wrapping  and  twisting, 
which  hose  was  then  carried  to  piezometer  ring  "  A."  The  other 
connection  in  the  top  of  the  cistern  was  used  as  an  air  valve,  a 
|-inch  valve  being  screwed  into  it  and  the  air  frequently  blown 
out.  This  orifice  was  also  used  to  add  mercury  as  needed. 
As  the  pressure  increased  and  the  mercury  in  the  cistern  lowered, 
the  height  of  the  mercur}^  column  was  also  lowered,  but  to  a 
very  small  amount.  In  graduating  the  scale,  allowance  was 
made  for  this,  with  the  result  that  with  cistern  and  glass  tube 
of  the  sizes  used,  a  mercury  pound  was  2.0382  inches,  the  height 
of  a  mercury  column  corresponding  to  one  pound  per  square 
inch  pressure  being  2.0452  inches  at  60°  F.  As  care  was  taken 
to  set  the  zero  of  the  scale  at  the  same  level  as  the  outlet  of  the 
nozzles,  pressures  were  read  direct  without  correction  for  differ- 
ence in  level.  Where  it  is  not  practicable  to  set  the  zero  of  the 
scale  on  the  same  level  as  the  center  of  the  discharging  nozzle,  it 
may  be  set  at  any  level  and  correction  made  for  the  difference, 
which  difference  may  be  found  either  with  an  engineer's  level  or 
by  filling  the  nozzle  with  water  to  its  center  and  noting  where 
it  rises  on  the  scale,  this  latter  method,  where  possible,  being  the 
easier  and  less  liable  to  error.  The  scale  was  graduated  in  pounds 
and  tenths  to  eighty-seven  pounds,  being  thus  about  15  feet  high, 
and  to  read  it,  a  light  ladder  was  attached  to  the  framework,  sup- 
porting it.  The  glass  tubing  was  in  two  sections,  joined  together 
by  a  sleeve  ef  rubber  hose  wrapped  with  wire  and  twisted  tight. 
If  care  is  taken  in  making  the  joints  and  connections,  no  trouble 
from  leaks  need  be  feared,  although  more  care  is  reciuired  to  mjlke 
a  joint  tight  against  mercury  than  against  water. 

The  retardation  or  loss  of  pressure  in  the  meters  was  measured 
by  means  of  a  "  U  "  gage,  which  is  simply  two  glass  tubes  similar 
to  the  one  used  for  measuring  the  pressure  in  the  open  column, 
connected  together  at  the  bottom  and  about  half  filled  with 
mercury.  Near  the  top  of  these  tubes  from  a  tee  is  taken  off 
a  hose  connection  on  each  side,  one  of  which  is  connected  to 
a  piezometer  ring  back  of  the  meter,  shown  on  Fig.  1  as  pie- 
zometer ring  "  B,"  and  the  other  to  a  similar  ring  shown  as 
piezometer  ring  "  A."     In  the  tops  of  there  tubes  are  inserted 
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pet  cocks,  connected  thereto  by  rubber  hose  sleeves  wired  tightly, 
these  being  used  not  only  when  water  is  first  let  into  the  gage, 
but  at  frequent  intervals  thereafter,  to  blow  out  any  air  that 
may  have  accumulated  therein.  In  the  gage  shown  here,  sUding 
scales  were  used  on  each  arm, one  reading  upward  and  the  other 
down,  the  zero  on  both  being  carefully  brought  to  the  level  of 
the  two  mercury  columns  when  everything  was  at  rest.  Care 
in  setting  this  gage  at  any  particular  height  need  not  be  taken, 
as  it  shows  simply  differences  in  pressures  which  will  be  the 
same  regardless,  of  the  height  of  the  gage  itself;  but  the  gradu- 
ations of  the  scale  to  read  pounds  direct  will  be  shghtly  different 
from  those  of  the  open  column,  as  the  weight  of  the  column  of 
water  has  to  be  taken  into  consideration  as  well  as  the  mercury, 
and  doing  this  will  make  the  height  of  the  mercury  column  under 
these  conditions  2.2051  inches  for  one  pound  difference  in  press- 
ure; in  other  words,  for  each  2.2051  inches  difference  between 
the  height  of  mercury  in  the  two  tubes  there  is  a  loss  of  one  pound 
pressure.  If,  therefore,  the  two  scales  are  graduated  for  mercury 
pounds  and  tenths  of  a  pound  as  above,  and  the  top  of  one  and 
bottom  of  the  other  are  brought  to  a  level  with  both  columns  of 
mercury  with  everything  at  rest,  by  reading  simultaneously  both 
scales  on  the  gage  when  in  operation,  their  sum  will  give  the  total 
loss  of  pressure  or  retardation-  between  the  piezometer  rings. 

Two  piezometer  rings  should  be  used,  one  back  of  the  meter 
to  be  tested  and  from  5  to  10  feet  ahead  of  any  gate,  elbow,  or 
otlier  possible  means  of  deflection  of  the  current  of  water,  and  the 
other  ahead  of  the  meter  and  not  less  than  the  same  distance 
from  it,  so  that  changes  in  direction  of  the  water  in  passing 
through  gates,  elbows,  meters,  etc.,  will  have  time  to  substan- 
tially straighten  out  before  reaching  the  piezometer  rings,  thus 
largely  avoiding  false  readings  incident  to  eddies  and  unequal 
pressure.  On  Fig.  1  are  shown  two  different  styles  of  piezometer 
rings,  the  one  marked  "  A  "  being  of  cast  iron,  flanged,  while 
the  one  marked  "  B  "  is  of  wrought  iron  and  composition  fitted 
for  screw  connections.  In  brief,  any  truly  smooth  piece  of  pipe, 
of  practically  exact  diameter,  surrounded  on  the  outside  with 
an  annular  ring,  having  three  or  more  yV"  f>r  |-inch  holes  drilled 
through  into  th'e  pipe  at  equal  distances  apart,  care  being  taken 
to  have  the  orifices  at  right  angles  with  the  pipe,  on  circum- 


KIMBALL.  313 

ferential  line,  and  without  burrs  or  roughness  on  the  inside  of 
the  pipe,  will  make  a  good  piezometer  ring.  The  reason  for 
the  use  of  such  ring  is  that  if,  through  any  cause,  the  direction 
of  the  current  of  water  is  changed  or  impinges  harder  upon  one 
side  of  the  pipe  than  upon  the  other,  the  pressure  within  the 
annular  ring,  which  is  imparted  to  the  water  through  the  various 
orifices,  will  be  equaUzed  and  correctly  indicated.  The  same 
results  for  all  practical  purposes,  perhaps,  with  care  in  drilHng, 
can  be  obtained  by  drilHng  three  or  more  holes  directly  into  the 
pipe  under  the  above  conditions,  and  screwing  in  nipples,  connect- 
ing them  all  together  outside  into  one  hne,  to  which  the  hose 
running  to  the  gages  is  connected ;  but  as  there  is  more  liabiHty 
of  roughness  under  such  arrangement,  due  to  nipples  or  burrs 
projecting  into  the  pipe,  the  use  of  regularly  constructed  rings 
is  recommended.  Into  the  annular  ring  above  mentioned  should 
be  tapped  one  or  more  holes  ^-inch  in  size,  into  which  nipples 
can  be  screwed  and  connections  made  with  the  gages  by  means 
of  hose  or  otherwise.  Between  the  nipples  and  the  hose  it  is 
advisable  to  place  a  j-inch  valve  to  regulate  the  flow  to  the  gages, 
and  this  is  also  useful,  where  there  is  much  vibration,  to  throttle 
the  pulsations  down  as  low  as  possible,  although  in  so  doing 
extreme  care  should  be  taken  not  to  shut  down  too  closely. 
Some  movement  in  the  mercury  column  shovild  be  noticeable  at 
all  times  so  as  to  be  certain  that  there  is  a  free  opening  to  transmit 
the  pressure.  An  air  valve  on  the  upper  side  of  the  piezometer 
rings  will  be  of  assistance  in  removing  the  air  from  the  rings  and 
preventing  it  getting  into  the  mercury  pot  or  tubes.  In  our 
apparatus,  as  shown,  one  leg  of  the  "  U  "  gage  was  connected 
to  a  tap  in  the  top  of  piez  .meter  ring  "  A  "  with  a  blow-off  cock 
above  it,  while  the  open-end  mercury  gage  was  connected  to 
another  tap  in  the  side  of  the  same  piezometer  ring. 

Among  the  most  important  parts  of  the  apparatus  needed, 
for  discharges  of  thirty  gallons  per  minute  and  upwards,  are' 
the  nozzles,  and,  in  the  opinion  of  the  writer,  to  have  as  high  initial 
pressures  as  possible  these  should  range  in  size  of  orifice  from  at 
least  h  inch  to  4  inches,  and  under  some  conditions  perhaps  to 
5  inches.  The  nozzles  used  in  these  tests  were  a  4-inch  and  a  2^- 
inch,  kindly  loaned  us,  with  other  apparatus,  b}^  the  Factory 
Mutual  Fire  Insurance  Companies  of  Boston,  and  a  2-inch,  a  H- 
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inch,  a  1-inch,  and  a  ^-inch  which  we  had  made  for  the  purpose. 
These  are  all  fitted  with  iron-pipe  threads,  so  that  one  screwed 
on  the  next  in  size  as  shown.  An  additional  nozzle  of  3  inches 
in  size  would  be  useful  in  a  permanent  plant,  although  various 
rates  of  discharge  can  be  obtained  with  any  size  nozzle  by  throt- 
tling the  controlling  gate  back  of  the  first  piezometer  ring.  In  the 
construction  of  these  nozzles  Mr.  Freeman,  in  his  article  on  "  The 
Nozzle  as  an  Accurate  Water  Meter,"  page  511.  states  the  follow- 
ing requisites  for  good  work : 

"  A  smoothly  tapering  nozzle  whose  sides  converge  at  an  angle 
of  somewhere  between  5  and  7^°  to  the  axis,  and  whose  interior 
is  smoothly  polished  for  a  distance  back  equal  to,  say,  three  or 
four  times  the  diameter  of  the  orifice." 

Also,  in  speaking  of  using  different-sized  nozzles,  one  screwed  on 
the  other,  substantially  as  shown  on  Fig.  1,  herein,  he  saj^s,  page 
512,  ibid.: 

"  The  smaller  nozzles  can  be  detached,  leaving  the  larger  ones  in 
place,  and  thus  securing  an  orifice  of  any  desired  size.  Interme- 
diate sizes  can  be  attached  to  the  same  base,  as,  for  instance,  a  2^- 
inch  could  be  screwed  on  to  the  end  of  the  3-inch  in  place  of  the 
2-inch  as  shown  [speaking  of  a  sketch  in  his  report].  The  inside 
corner  at  the  extreme  end  of  each  nozzle  in  the  series  should 
be  rounded  out  to  lessen  the  chance  of  bruising.  A  straight  cyhn- 
drical  tip  of  uniform  diameter  for  a  length  equal  to  about  half  the 
diameter  of  nozzle  is  formed  at  the  end  of  each,  and  the  angle 
where  this  unites  with  the  conical  portion  is  smoothly  rounded 
off." 

These  nozzles  should  be  connected  directly  with  the  outer  pie- 
zometer ring  so  that  the  pressures  obtained  by  means  of  this  ring 
will  be  practically  those  at  the  base  of  the  nozzle.  In  all  cases  of 
either  flanged  or  nipple  connections  of  the  various  parts  of  the 
apparatus,  care  should  be  taken  that  gaskets  do  not  project  into 
the  barrel  of  the  pipe,  and  that  all  burrs  and  rough  edges  on  nip- 
ples are  removed  so  that  no  obstruction  will  be  presented  to  the 
easy  and  straight  flow  of  the  water. 

It  is  assumed  that  the  nozzles  have  been  carefully  calil)rated, 
and  it  is  desirable,  for  use  with  a  permanent  plant,  to  construct 
discharge  tables  for  each  nozzle.  For  ordinary  work,  tables 
giving    the    discharge    for   each    jjound    or    half-pound    pressure, 
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within  the  range  of  pressures  that  will  be  used,  will  be  suffi- 
cient, and  pressures  between  calculated  points  can  be  interpolated. 
Where  considerable  use  is  to  be  made  of  the  nozzle  determina- 
tions, time  will  be  saved  and  more  accurate  results  will  be  obtained 
by  extending  the  table  to  include  discharges  for  each  tenth  of  a 
pound.  This  is  as  close,  taking  into  consideration  the  vibrations 
of  the  mercury  column,  as  pressures  will  probably  be  read,  but 
when  possible,  by  means  of  a  vernier  or  by  estimation,  to  read 
closer,  interpolated  discharges  will  be  as  accurate  as  can  be 
desired.  A  more  rapid  but  not  as  accurate  way  of  obtaining  quan- 
tities would  be  by  calculating  a  sufficient  number  of  discharges  at 
various  pressures  to  enable  a  curve  to  be  constructed,  either  on 
ordinary  or  logarithmic  cross-section  paper,  and  the  discharge 
read  directly  from  such  curves  for  the  recorded  pressure.  The 
formula  from  which  to  determine  such  discharge  is  given  by  Mr. 
Freeman  as  follows : 

29.83  c  d^  / 


G  = 


\/  --  (4)  *  ^' 


Where  G  =  gallons  discharged  per  minute. 

c  =  Coefficient  of  discharge  of  nozzle  used. 

d  =  diameter  of  orifice  of  discharge,  in  inches. 

1)  =  diameter  of  inside,  or  barrel,  or  piezometer  ring,  in 

inches, 
p  =  indicated  pressure  in  pounds  per  square  inch  at  base 
of  nozzle. 
An  inspection  of  this  formula  will  show"  that  w^here  the  diameter 
of  the  nozzle  and  piezometer  rings  are  determined  and  the  value 
of  c  fixed,  the  formula  can  be  reduced  to  a  constant,  by  which  it 
is  only  necessary  to  multiply  the  square  root  of  the  pressure  in 
pounds  to  obtain  the  discharge  in  gallons  per  minute.  In  this 
formula  the  only  uncertain  factor  is  the  value  of  c,  and  this,  with 
nozzles  constructed  as  directed,  Mr.  Freeman  has,  through  a  very 
elaborate  series  of  experiments,  determined  to  be  about  .995. 
The  smaller  nozzles  used  by  the  wTiter,  however,  were  not  as 
smooth  and  regular  as  could  be  desired,  and  a  series  of  experi- 
ments were  made  to  determine  what  the  coefficients  of  discharge  of 
these  particular  nozzles  were.  The  values  of  c,  as  so  determined, 
as  well  as  actual  diameters  of  the  nozzles  used,  are  as  follows: 
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Inches. 

Inches. 

Discharge  =  c. 

i 

0.509 

.965 

1 

1.048 

.970 

li 

1.503 

.980 

2 

1.998 

.990 

2* 

2.463 

.995 

4 

3.954 

.995 

Future  experiments,  however,  should  l^e  cautioned  as  regards 
using  these  particular  coefficients,  —  except  as  to  the  last  two,  — 
as  the  writer  firmly  believes  from  results  obtained  that  with  nozzles 
constructed  as  directed,  for  all  sizes  from  ^  inch  up,  the  value 
of  c  will  range  from  .990  to  .995.  Practice  in  experimental  work 
of  this  kind,  especially  with  two  or  more  of  the  larger  meters  of 
standard  makes,  will  soon  enable  one  to  so  adjust  this  value  as 
to  bring  all  sized  nozzles  into  a  consistent  relation  one  with  the 
other,  and  also  with  the  meters,  after  which  such  value  may  be 
used  with  confidence. 

We  are  now  ready  to  connect  up  the  meter,  and  with  apparatus 
properly  adjusted  as  shown,  we  may  proceed  to  determine  its 
accuracy,  capacity,  and  limitations. 

In  starting  a  test,  water  should  be  turned  on  and  allowed  to  run 
long  enough  to  produce  normal  conditions.  Care  should  be  taken 
that  all  air  is  expelled  from  meters,  piezometers,  connecting  hose, 
pipes,  etc.,  to  avoid  vibrations  in  the  mercury  columns.  If  vibra- 
tions to  any  extent  continue,  they  may  be  partially  checked  by 
throtthng  the  controlling  valves  to  the  gages,  being  careful  not  to 
entirely  shut  them  off.  With  everything  running  in  good  shape, 
at  the  instant  the  index  hand  of  the  meter  points  to  an  even  num- 
ber, time  should  be  taken  with  a  good  stop  watch,  and  readings  of 
both  open  mercury  gage  and  of  "  U  "  gage  should  begin.  These 
should  be  read  every  minute  if  columns  are  fairly  steady,  otherwise 
readings  every  half  minute  or,  in  extreme  cases  of  variation,  even 
oftener  may  be  required.  There  observations  should  be  con- 
tinued until  an  even  number  of  cubic  feet  has  been  registered  by 
the  meter,  when,  as  the  index  hand  points  to  its  proper  mark, 
watch  should  be  stopped,  time  read,  gage  readings  averaged,  and 
all  recorded,  completing  that  test.  The  length  of  each  run  should 
be  sufficient  to  as  nearly  as  possiple  eUminate  errors  of  observation 
either  of  time  or  of  index  hand  of  meter,  and  probably  should  never 
be  less  than  three  minutes.     A  run  of  a  definite  number  of  minutes 
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rather  than  of  a  definite  number  of  cubic  feet  might  be  made,  but 
it  is  much  easier  to  start  and  stop  a  watch  instantly  than  at  a  given 
moment  to  accurately  read  a  fast-moving  index  hand.  Tests 
should  be  repeated  under  the  same  conditions  as  nearly  as  possi- 
ble, and  so  continued  until  the  observer  in  charge  is  satisfied  with 
the  correctness  of  the  results.  Experience  will  shortly  enable  one 
to  so  handle  a  stop  watch  as  not  to  vary  more  than  one  fifth  of  a 
second  in  an  observation  and  to  read  a  slightly  vibrating  mercury 
column  within  one  tenth  of  a  pound,  although  at  times  observa- 
tions may  appear  so  erratic  as  to  make  it  advisable  to  discard  them 
entirely.  A  good  observer,  however,  will  seldom  allow  this  to 
occur.  In  general,  little  or  no  trouble  should  be  experienced  by 
any  member  of  this  Association  in  getting  correct  results  after 
suitable  practice.  This  is  a  class  of  experiments  where  as  much 
depends  upon  the  personal  factor  as  upon  the  apparatus  em- 
ployed. 

All  tests  for  the  purpose  of  determining  the  registration  of  meters 
upon  small  flows  were  made  by  discharging  into  a  tank  upon  a 
pair  of  scales,  the  tank  holding  about  15  cubic  feet  of  water.  The 
flange  connecting  the  nozzles  to  the  outer  piezometer  ring  was 
unbolted,  and  another  flange,  tapped  for  2-inch  pipe,  bolted  on. 
This  2-inch  was  further  reduced  to  f-inch  pipe,  and  this  size  was 
carried  over  the  tank  and  water  discharged  into  it  through  a  mul- 
tiple discharge  cock,  all  as  shown  on  Fig.  1,  and  under  substan- 
tially the  same  conditions  as  are  used  by  us  all  when  testing  smaller 
meters,  the  weight  of  the  water  being  used  in  comparison  with  the 
registration  of  the  meter.  The  only  departure  from  ordinary  prac- 
tice, perhaps,  was  in  taking  the  time  required  to  discharge  speci- 
fied quantities  of  water,  so  that  results  could  be  stated  in  gallons 
per  minute,  as  being  more  expressive  than  otherwise. 

RESULTS    OF    TESTS. 

The  retardation  or  loss  of  pressure  in  the  nine  6-inch  meters 
tested  under  the  direction  of  the  writer  is  graphically  shown  on 
Fig.  2,  while  the  same  results  are  given  in  Table  No.  1  in  another 
form.  These  are  the  losses  due  to  the  meter  alone,  experiments 
having  been  made  to  determine  the  loss  of  pressure  between  the 
piezometer  rings,  and  deductions  from  the  total  losses  made 
accordingly. 
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In  Table  No.  2  is  shown  the  sensitiveness  of  these  meters  in  the 
registration  of  small  flows,  that  is,  those  experiments  made  by 
means  of  the  weighing  tank;  while  Table  No.  3  gives  the  accuracy 
on  large  flows  as  determined  by  the  nozzle  discharges,  using  the 
coefficients  of  discharge  previously  given. 

Table  No.  4  shows  the  approximate  number  of  feet  of  ordinary 
straight  cast-iron  pipe  that  would  cause  the  same  retardation  or 
loss  of  head  under  a  flow  of  500  gallons  per  minute,  or  with  a 
velocity  equivalent  to  5.67  feet  per  second. 

These  tables  need  very  Uttle  explanation.  On  Fig.  2  the  posi- 
tions of  the  experimental  points  are  shown  by  dots.  These  so 
nearly  correspond  to  paraboHc  curves  that,  without  making  the 
claim  that  the  retardation  of  any  meter  follows  exactly  this  law, 
these  curves  have  all  been  drawn  as  parabolas.  Further  experi- 
ments along  these  Hnes  will  be  necessary  if  it  is  desired  to  absolutely 
demonstrate  this  as  a  law,  but  it  is  believed  that  for  all  practical 
purposes  a  parabolic  curve  represents  the  retardation  of  a  meter,  so 
that  given  one  accurate  determination  of  a  point  in  such  curve,  it  is 
possible  to  construct  a  curve  or  table  of  retardation  to  any  extent 
desired.  Following  this  principle,  Table  No.  1  has  been  calculated. 
The  actual  observations  for  retardation  alone  did  not  exceed 
thirty-three  pounds  loss  of  pressure,  the  hmit  of  the  "U"  gage 
used,  and  all  retardations  in  excess  of  this  amount  are  calcu- 
lated. In  no  case,  however,  has  the  limit  of  retardation  been 
carried  beyond  the  actual  discharge  of  the  meter  in  gallons  per 
minute.  On  Fig.  2  the  full  hne  indicates  the  extent  of  actual 
observations  of  retardation,  while  the  dotted  line  in  extension 
thereof  indicates  the  calculated  retardation  at  the  maximum  flow 
obtained  in  these  experiments. 

In  comparing  results  shown  in  Table  No.  2  —  "Sensitiveness  of 
Six-Inch  Meters  in  the  Registration  of  Small  Flows"  —  it  should 
be  borne  in  mind  that  all  the  meters  except  the  Crown,  T^^mpire, 
and  Gem  had  as  their  smallest  dial  one  requiring  a  discharge  of 
100  cubic  feet  to  allow  the  index  hand  to  make  one  revolution. 
Those  dials  were,  as  is  usual,  divided  into  ten  parts ;  and  while  care 
undoubtedly  was  taken  to  make  these  subdivisions  substantially 
equal,  as  in  no  case  was  the  spindle  to  which  the  index  hand 
was  attached  accurately  centered  within  the  dial,  and  as  10 
cubic  feet  was  all  that  could  easily  be  weighed  in  the  weighing 
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tank  used,  at  each  experiment,  there  is  a  possible  shght  error  in 
these  observations,  due. both  to  this  eccentricity  of  the  index  hand 
within  the  dial  and  to  the  eye  of  the  observer  in  noting  and  stop- 
ping the  flow  exactly  on  the  line  indicating  one-tenth  part  of  the 
circumference  of  this  small  dial,  or  10  cubic  feet.  In  nearly  all 
cases,  two  or  more  observations  were  taken  of  the  same  sized 
stream,  and  by  taking  the  average  of  these,  it  resulted  in  materially 
reducing  the  hability  of  error  of  observation  and  to  some  extent 
the  error  due  to  eccentricity  of  the  index  hand  and  dial.  To  deter- 
mine, however,  how  much  error  might  exist,  due  to  these  causes, 
experiments  were  made  to  see  how  near  10  per  cent,  of  100  cubic 
feet  each  subdivision  of  a  dial  could  read,  the  determinations 
being  checked  by  the  weight  of  the  discharged  water.  A  series 
of  such  experiments  demonstrated  that  the  maximum  observation 
was  10.46  per  cent,  of  the  whole,  the  minimum  observation  being 
9.64  per  cent.,  while  the  average  error  for  10  feet,  due  to  these 
two  causes,  was  2.15  per  cent.,  — both  plus  and  minus.  Thus, 
while  the  average  of  the  readings  from  which  the  main  results 
are  determined  probably  reduced  the  error  to  a  point  much 
lower  than  this,  still  it  was  thought  desirable  to  mention  these 
facts,  as  the  recorded  results  in  some  cases,  without  such  explana- 
tion, might  appear  somewhat  erratic.  In  several  experiments 
where  the  sum  of  ten  10-cubic  foot  observations  was  compared 
with  100-cubic  foot  discharges  using  the  same  dial  and  same 
observer,  the  maximum  error  of  observation  and  weight  com- 
bined did  not  exceed  0.32  per  cent. 

In  Table  No.  3,  where  two  rates  of  flow  per  minute  for  one  nozzle 
are  given,  they  are  the  approximate  minimum  and  maximum  flow 
through  that  sized  orifice.  This  difference  in  flow  is  brought  about 
by  having  the  controlling  gate  back  of  the  meter  partially  or  wholly 
open,  so  as  to  produce  varying  rates  of  discharge  per  minute,  and 
intermediate  to  what  would  result  were  gates  always  fvill  open. 
With  the  ^-inch  and  1-inch  nozzles,  this  practice  was  seldom  neces- 
sary, but  was  followed  in  nearly  all  cases  with  the  H-inch  and 
larger  sizes.  The  first  five  meters  shown  in  this  table  were,  in  the 
use  of  the  4-inch  nozzle,  run  much  beyond  their  rated  capacity, 
so  much  so  that  in  some  of  them  it  is  apparent  that  the  working 
parts  of  the  meter  could  not  keep  pace  with  the  flow,  and  for  this 
reason  the  average  per  cent,  of  meter  discharge  to  nozzle  discharge, 
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shown  in  the  last  column,  should  not  be  taken  as  the  actual  per- 
formance of  these  meters  without  taking  this  fact  into  considera- 
tion. To  construct  this  table  the  average  of  all  experiments 
made  with  the  same  nozzle,  meter,  and  approximate  rate  of  flow 
was  taken. 

Table  No.  4  is  calculated  from  the  observed  losses  of  head,  with 
the  aid  of  "  Diagrams  and  Hydraulic  Data  Relating  to  the  Flow  of 
Water  in  Cast-Iron  Pipes,"  by  Leonard  Metcalf,  Assoc.  M.  Am. 
Soc.  C.  E.,  Boston,  Mass.,  as  pubhshed  in  the  Engineering  Record, 
June  20,  1903,  and  needs  no  further  explanation. 

EFFECT    OF    FISH    TRAPS    ON    METERS. 

Of  the  meters  tested  the  Hersey  Rotary,  Hersey  Disc,  Union, 
and  Standard  had  no  fish  trap  or  strainer  as  a  part  of  their  meter. 
Tests  were  made  upon  the  others  to  determine  wdiat  the  effect  of 
these  strainers  w^as. 

The  effect  of  the  Torrent  meter  is  shown  on  Fig.  2  and  in  Table 
No.  1  both  mth  and  without  strainer.  The  area  of  the  openings 
in  this  strainer  is  equivalent  to  1.25  times  that  of  a  6-inch  pipe. 

The  Crown  meter  is  shown  with  strainer.  Without,  the  retar- 
dation averages  about  10  per  cent,  less,  the  area  of  openings  in  this 
strainer  being  about  2.25  times  that  of  a  6-inch  pipe. 

The  Empire  meter  shows  no  difference  whether  with  or  without 
strainer,  the  area  of  openings  being  about  3  times  that  of  a  6-inch 
pipe. 

The  Keystone  meter  is  shown  with  a  strainer  which  has  open- 
ings equivalent  to  1.9  the  area  of  a  6-inch  pipe.  The  retardation 
without  strainer  averages  about  10  per  cent,  less  than  with. 

The  Gem  meter  shows  no  appreciable  difference,  either  with' or 
without  strainer,  the  area  of  openings  in  ^vhich  is  about  3  times 
that  of  a  6-inch  pipe. 

These  can  be  considered  as  minimum  obstructions  or  retarda- 
tion due  to  the  strainers  or  fish  traps  furnished  with  these  several 
meters.  The  water  used  in  these  experiments  was  all  filtered  and 
came  directly  from  the  clear  water  reservoir  of  the  plant,  through 
a  pipe  from  which  all  mud  and  sediment  had  been  blown  out.  In 
ordinary  practice,  where  little  or  no  water  is  usually  drawn 
through  these  meters,  and  especially  with  water  containing  sedi- 
ment in  the  shape  of  mud,  sticks,  leaves,  etc.,  when  a  large  draft  is 
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made  through  them,  as  in  case  of  fire,  the  loss  by  stopping  up  more 
or  less  of  the  small  holes  in  the  strainer  will  be  much  more.  For 
this  reason  the  writer  believes  that  where  strainers  are  necessary, 
and  perhaps  in  all  cases,  a  special  fish  trap  should  be  used,  with  an 
area  of  openings  equivalent  to  about  five  or  six  times  that  of  a  6- 
inch  pipe.  This  can  be  bolted  directly  to  the  meter,  though  inde- 
pendent of  it,  and  should  be  provided  with  a  removable  cover  or 
hand  plate  to  insure  ease  in  inspecting  and  cleaning.  Where 
meters  are  attached  to  a  fire  protection  system,  the  strainer  should 
be  inspected  as  regularly  and  as  often  as  are  the  other  portions  of 
the  system.  From  tests  made,  an  area  of  openings  three  times 
that  of  the  area  of  the  pipe  seems  adequate  to  ehminate  friction 
loss  when  clean;  and  with  area  of  twice  this  amount,  something 
over  half  can  become  clogged  or  covered  without  affecting  the  flow 
of  water,  and  with  ordinary  inspection  and  a  water  supply  suit- 
able for  domestic  uses,  this  should  insure  perfect  safety  in  the  use 
of  such  fish  trap. 

SPECIAL   TESTS   AND    CONDITIONS. 

A  strong  point  usually  made  b}^  insurance  inspectors  against 
the  use  of  rotary,  piston,  or  disc  meters  upon  fire  protection  lines 
is  their  liability  to  clog,  stop,  and  break  by  foreign  matter  carried 
into  them  from  pijDe  lines  and  lodging  in  their  moving  parts  and 
wedging.  While  this  can  hai-dly  result  if  use  is  made  of  large-area 
strainers,  some  experiments  were  made  along  these  lines. 

The  Crown  meter  was  completely  blocked  by  the  insertion  of 
two  wooden  wedges  between  piston  and  casing.  In  this  condition, 
the  following  results  were  obtained: 


ize  Nozzle  Used, 
Inches. 

Discharge,  Gallons  per 

Minute. 

Loss  of  Pressure, 
Poujids. 

1 

^* 

2i 

204 
338 
479 
575 

40 
55 
62 
69 

While  the  test  with  2^-inch  nozzle  was  under  way,  seven  of  the 
eight  screws  fastening  the  interior  cover  plate  to  the  casing  gave 
way,  ahowing  this  plate  to  Hft.  The  meter  in  this  shape,  still 
blocked,  however,  so  that  the  piston  could  not  move,  discharged 
with  2^-inch  nozzle  at  the  rate  of  1  329  gallons  per  minute,  with 
loss  of  pressure  of  18.3  pounds,  and  with  4-inch  nozzle,  2  128  gal- 
lons, with  loss  of  pressure  of  24  pounds.    This  would  seem  to  show 
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Fig.  1.  — General  View  of  Apparatus  Used. 


Fig.  2.  —  Disciiakge  throlgu  i-ixcii  Nozzle.  G7  Gallons  per 
Minute  (Empire  ISIeter). 
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that  a  sudden  stopping  of  this  meter  by  piston  becoming  blocked 
would  result  in  tearing  away  the  cover  plate,  allowing  water  to 
flow  with  much  more  freedom  than  before.  After  this  test  it  was 
found  that  the  cover  plate  had  been  slightly  sprung.  This  was 
straightened  by  a  hammer,  on  the  ground,  bolted  back  into 
place,  and  the  meter  tested  again  on  small  flows.  Results  fully 
as  accurate  as  before  it  broke  were  obtained,  showing  that  no 
injury  to  the  meter  itself  to  any  extent  had  resulted. 

The  Gem  meter  also  had  its  working  parts  completely  blocked, 
and  in  this  condition  the  following  results  were  obtained : 


Size  Nozzle  Used, 
Inches. 

Discharge,  Gallons  per 
Minute. 

Loss  of  Pressure, 
Pounds. 

Increased  Loss  ( 
running  Free, 

wer  Meter 
Pounds. 

2 

1003 
1411 

2457 

4.5 

9.3 

26.8 

0.5 
1.3 

2.9 

This  shows  a  difference  in  loss  of  pressure  as  between  meter  run- 
ning free  and  with  moving  parts  blocked,  of  between  10  per  cent, 
and  15  per  cent.  only. 

The  effect  upon  the  flow  through  a  disc  meter  when  disc  is 
broken  and  the  pieces  wedged  by  the  force  of  the  water  into  the 
outlet  was  shown  by  the  Hersey  Disc.  This  meter  was  tested  to 
a  finish,  so  far  as  the  disc  was  concerned.  While  discharging  at 
a  rate  of  1  455  gallons  per  minute  (guaranteed  capacity  being  900 
gallons,  an  excess  of  upwards  of  60  per  cent,  in  flow)  the  disc  broke 
into  several  pieces.  Without  in  any  way  changing  the  conditions  of 
supply,  a  discharge  was  obtained,  as  shown  by  the  nozzle,  through 
this  meter  of  about  1  218  gallons  per  minute,  and  with  substan- 
tially the  same  loss  of  head  as  before  it  broke.  This  would  indi- 
cate a  discharge,  under  the  most  adverse  conditions  possible  in  a 
meter  of  this  character,  of  about  86  per  cent,  of  the  free  flow  of 
such  meter,  certainly  not  enough  of  a  difference  to  warrant  dis- 
carding meters  of  this  type  on  account  of  liabihty  of  breakage  at 
such  liigh  velocities.  The  replacement  of  the  disc  with  a  new  one 
was  all  that  was  required  to  again  place  the  meter  in  proper  work- 
ing order. 

The  Keystone  disc  meter,  which  also  has  a  guaranteed  capa- 
city of  only  900  gallons  per  minute,  was  tested  to  a  discharge  of 
1  518  gaUons,  being  an  excessive  discharge  of  about  69  per  cent., 
at  which  rate  this  disc  also  broke.  While  no  tests  were  made  of 
the  performance  of  this  meter  under  these  conditions,  from  the 
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writer's  knowledge  of  it  and  a  thorough  examination  of  the 
meter  both  before  and  after  breaking,  he  is  justified  in  stating 
that  similar  results  would  have  been  obtained  as  with  the 
other  disc  meter.  As,  therefore,  these  disc  meters  have  proved 
themselves  capable  of  delivering  considerably  more  than  50  per 
cent,  in  excess  of  their  nominal  capacity  safely,  and,  when  cir- 
cumstances call  for  an  even  greater  delivery,  to  the  point  of 
breaking  without  very  materially  reducing  the  available  flow,  no 
hesitancy  should  be  shown  in  using  this  type  on  this  account  alone. 

All  other  meters  were  tested  to  the  full  extent  that  the  available 
pressure  and  apparatus  would  permit,  regardless  of  any  limita- 
tions as  to  capacity  placed  upon  them  by  the  manufacturers,  and 
the  tables  show  the  extent  to  which  these  tests  were  carried.  In 
only  one  meter,  beside  the  two  disc  meters  mentioned,  was  there 
any  breakage  due  to  the  construction  of  the  piston,  disc,  or  vanes, 
and  this  was  in  the  Standard  meter,  where  with  the  curved  copper 
vanes  on  the  shaft,  under  the  maximum  discharge  of  2  648  gallons 
per  minute,  three  of  the  vanes  were  stripped  off.  To  this  point 
everything  held,  and  as  this  was  in  excess  of  any  probable  working 
discharge  through  a  meter  of  this  description,  unless  placed  upon  a 
pipe  Hue  larger  in  size  than  the  meter,  it  should  not  operate  against 
it.  Since  these  tests  the  writer  understands  that  these  vanes  have 
been  further  reinforced  so  as  to  withstand  these  excessive  dis- 
charges. 

The  views  shown  on  Plates  II  and  III  are  sufficiently  well 
explained  by  their  titles,  and  are  of  interest  simply  in  giving  an  eye 
impression  of  both  the  apparatus  used  and  streams  discharged. 

EFFECT    OF    METERS    UPON    FIRE    STREAMS. 

This  question  is  so  broad  and  has  been  discussed  heretofore  in 
so  many  of  its  phases  that  the  writer  does  not  deem  it  advisable 
to  include  it  in  the  scope  of  this  paper. 

It  is  his  hope,  however,  that  herein  may  be  found  information 
that  will  be  useful  in  settling  questions  always  arising  as  to  the 
performance  of  large-sized  meters,  and  possibly  assist  in  bringing 
about  improvements  therein  which  will  more  thoroughly  draw 
together  the  joresent  opposing  ideas  of  water  departments  and 
insurance  underwriters.  All  the  manufacturers  whose  meters 
were  represented  in  these  tests  have  some  time  since  received 


PLATE  III. 


Fig.  1.  —  DisciiAUGE  TiiKOUGii  CuowN  Mktek  aftek  Cover  Plate 
HAD  Given  Way,  and  4-incii  Nozzle,—  2  128  Gallons  per  Minute. 


Fig.  2.  — Discharge  through  Hersey  Disc  Meter  after  Disc  was 
Broken,  and  4-inch  Nozzle,—!  218  Gallons  per  Minute. 
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copies  of  the  preliminary  results,  and  numerous  suggestions  and 
remarks  thereon  have  been  made  to  the  writer.  Generally  it  has 
been  thought  advisable  not  to  specifically  deal  with  these,  but  to 
leave  them  for  such  discussion  as  the  subject  may  invoke.  It  has 
also  been  the  writer's  pleasure  to  have  personal  conferences  with 
several  of  them  since  these  results  have  been  known.  At  one  of 
these  informal  talks,  a  gentleman  prominently  connected  with  one 
of  the  leading  meter  companies  informed  the  writer  that  they 
were  already  working  upon  a  meter  which  for  fineness  of  regis- 
tration would  be  equal  to  the  best  of  those  shown  in  these  results, 
while  the  loss  of  pressure  or  retardation  would  not  be  in  excess  of 
that  of  the  best  types  of  current  meters,  also  herein  shown.  He 
was  not,  however,  in  position  to  state  with  much  more  definiteness 
at  that  time  just  what  the  nature  of  this  meter  would  be,  except 
that  it  would  not  be  a  current  meter,  as  certain  details  had  then  to 
be  worked  out  before  further  exploiting  it.  This  shows  that  the 
manufacturers  are  alive  to  the  requirements  of  the  situation,  and 
a  thorough  discussion  at  this  time,  both  of  results  obtained  and 
those  desired,  would  be  of  decided  advantage  to  all  concerned. 
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TABLE   No.  4. 

Approximate  Number  of  Feet  of  Ordinary  Straight  Clean  Cast- 
Iron  Pipe  that  would  Cause  the  Same  Retardation  or  Loss  of 
Pressure  as  the  Meters,  under  a  Flow  of  500  Gallons  per 
Minute,  being  a  Velocity  of  5.67  Feet  per  Second. 

meter.  feet  of  pipe. 

Hersey  Rotary  1   340 

Crown 1   070 

Empire   920 

Hersey  Disc 690 

Keystone 370 

Torrent,  with  Fish  Trap   240 

Torrent,  without  Fish  Trap    210 

Union 160 

Gem   110 

Standard,  Aluminum  Paddles 100 

•            Standard,  Copper  Vanes 80 

CONCLUSION. 

Wliile  these  tests  were  made  under  the  immediate  direction  of 
the  writer,  at  no  time  during  the  eighteen  days  they  were  in  prog- 
ress was  he  without  the  advice  and  assistance  of  other  gentlemen 
well  qualified  to  cooperate  in  work  of  this  description.  The  meter 
manufacturers  were  represented  by  Mr.  D.  A.  Munroe,  Superinten- 
dent of  the  Pittsburg  Meter  Company,  and  Mr.  J.  A.  Tilden,  Gen- 
eral Manager  of  the  Hersey  Manufacturing  Company.  Mr.  A.  W. 
Hardy  and  Mr.  Sanderson,  Inspectors  of  Automatic  Sprinkler 
Risks  of  various  stock  insurance  companies  operating  in  the  cen- 
tral and  southern  sections  of  the  country,  and  Mr.  C.  H.  Smith, 
Inspector  for  the  Factory  Mutual  Fire  Insurance  Companies  of 
Boston,  represented  the  underwriters'  interests;  while  Mr.  F.  H. 
Crandall,  of  Burhngton,  Vt.,  who  needs  no  introduction  to 
you,  was  sufficiently  interested  in  these  tests  to  come  to  Tennessee 
and  spend  ten  days  with  us.  It  can  therefore  be  said  that  in  no 
sense  were  these  experiments  ex  parte.  In  addition  to  the  per- 
sonal presence  of  these  gentlemen  we  were  largely  assisted  by  the 
advice,  both  personal  and  by  letter,  of  Mr.  E.  V.  French,  of  the 
Factory  Mutuals,  .who  has  had  large  experience  in  this  class  of 
experimental  work,  and  also  by  the  loan  of  apparatus  both  by  the 
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Factory  Mirtual  Companies  and  by  the-  Hersey  Manufacturing 
Company.  To  all  these  parties,  to  the  meter  companies  who  so 
kindly  furnished  meters  for  these  tests,  to  Messrs.  John  A.  Durham 
and  Wellington  Donaldson  of  the  local  force  of  the  Knoxville  Water 
Company,  who  materially  assisted  in  this  work,  and  partic- 
ularly to  Gen.  Elbert  Wheeler,  Treasurer  of  the  Knoxville  Water 
Company,  both  for  permission  to  use  results  obtained  and  valuable 
assistance  in  compiUng  the  same,  the  writer  desires  to  express  his 
full  appreciation. 

DISCUSSION. 

Mr.  F.  H.  Crandall.*  Mr.  President  and  Gentlemen  of  the 
Association,  —  It  was  my  privilege  to  be  present  during  a  large  part 
of  the  work  which  was  done  by  Mr.  Kimball  at  Knoxville,  and  I 
regret  as  much  as  any  of  you  that  Mr.  Kimball  was  not  able  to 
be  here  to  read  his  paper  and  to  talk  about  it  himself.  The  Knox- 
ville Water  Company,  being  a  private  company,  is  perhaps  a  little 
more  interested,  or  appreciates  the  suggestion  in  regard  to  furnish- 
ing water  for  nothing  for  private  fire  pipes  more  keenly  than 
pubhc  corporations  do ;  and  they  have  been  to  a  very  considerable 
expense  in  preparing  for  and  doing  the  work  of  ascertaining  what 
the  efficiency  and  what  the  effect  of  the  different  classes  of  meters 
at  present  on  the  market  would  be  upon  the  fire  service.  The 
general  idea  seemed  to  be  that  some  accident  would  happen  to 
almost  any  meter  when  it  was  called  upon  to  deliver  a  large  quan- 
tity of  water,  and  that  the  result  would  be  disastrous.  I  think 
it  has  been  plainly  shown  that  that  opinion  is  erroneous.  It  has 
been  shown  at  Knoxville,  outside  of  these  tests,  that  a  by-pass 
can  be  opened  if  necessity  calls  for  its  being  opened.  The  water 
company  employs  a  man  whose  duty  it  is  to  be  present  at. every 
fire.  There  were  several  fires  while  I  was  there,  and  about  the 
first  man  I  saw  at  the  fire  —  and  I  got  there  among  the  first  —  was 
the  man  from  the  water  works;  and  if  there  had  been  occasion 
for  the  opening  of  a  by-pass  I  am  perfectly  satisfied  he  would 
have  got  it  open. 

The  blocking  of  the  different  meters  that  were  blocked  was  done 
in  such  an  effective  manner  as  never  would  have  happened 
accidentally.  A  Crown  meter,  for  instance,  never  could  have  been 
stopped  up  in  the  way  the  Crown  meter  was  stopped  up  in  the 

*  Superintendent  of  Water  Works,  Burlington,  Vt. 
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test.  There  were  two  pieces  of  2  by  4  joist  placed  inside  the 
meter  on  opposite  sides  of  the  float,  so  that  it  was  absokitely  pre- 
vented from  moving.  When  the  difference  in  pressure  became 
sufflcient  to  overcome  the  strength  of  the  screws  in  the  division 
plate,  the  division  plate  gave  way,  and  the  discharge  of  the  meter 
increased  50  per  cent.,  as  you  see  by  the  tables.  The  disc  meter, 
which  was  injured  also,  increased  its  discharge  after  injury. 

The  insurance  people,  particularly  the  Factory  Mutual  people, 
joined  with  Mr.  Kimball  in  the  attempt  to  ascertain  the  facts  in 
regard  to  these  meters,  loaned  him  material,  and  had  a  represen- 
tative on  the  ground  for  a  considerable  length  of  time,  and  ap- 
peared in  every  way  to  be  interested  in  a  satisfactory  solution  of 
the  question.  The  insurance  people  naturally  want  to  make 
assurance  doubly  sure  and  take  a  bond  of  fate.  The  water- works 
people  want  to  have  absolutely  good  assurance  that  they  will  not 
be  defrauded  by  the  use  of  services  over  which  there  is  no  control. 
The  devices  or  meters  which  were  tested,  as  you  can  see  from  the 
pubhshed  results,  do  not  record  the  very  finest  flows.  Those 
that  do  probably  will  not  record  them  for  any  great  length 
of  time  after  they  have  been  worn  in  service,  and  those  that  are 
the  most  accurate  in  the  measurement  of  water  afford  the  greatest 
obstruction  to  the  flow\  There  are  at  present  two  devices  which 
I  know  of,  and  I  believe  that  there  are  more  in  process  of  construc- 
tion, by  which  it  is  hoped  to  overcome,  to  a  considerably  greater 
degree,  the  objections  to  meters  at  present  on  the  market. 

Mr.  J.  A.  TiLDEN.*  Mr.  President,  it  was  my  pleasure  to  be 
present  at  Knoxville  during  the  last  few  days  of  the  meter  tests 
which  form  the  subject  of  the  paper  which  has  just  been  read. 
I  think  that  the  water  meter  companies,  as  well  as  our  water- 
worJ<s  friends,  are  very  much  indebted  to  the  Knoxville  Water 
Company,  to  Mr.  Wheeler,  and  to  Mr.  Kimball  in  particular,  for 
the  efficient  manner  and  for  the  careful  manner  in  which  these 
tests  were  carried  out.  In  a  sense  one  might  say  that  these  tests 
were  competitive  or  comparative,  and  from  that  point  of  view 
they  are  of  special  interest  to  the  meter  manufacturers.  We  had 
opportunities  at  Knoxville  for  the  use  of  a  very  large  amount  of 
water;  that  is,  we  had  a  6-inch  pipe  leading  directly  from  a 
14-inch   main   at   80   pounds  pressure,  or  thereabouts,   and   dis- 

*  Hersey  Mfg.  Co.,  South  Boston,  Mass. 
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charging  directly  into  the  river  without  any  elbows  or  curves, 
giving  us  in  that  way  a  very  much  larger  amount  of  water  and 
at  a  greater  head  than  any  of  us  have  in  our  factories ;  and  we  had, 
therefore,  an  opportunity  for  comparison  which  I  think  has  never 
before  been  presented. 

I  think  all  meter  companies  should  welcome  comparative  tests 
of  this  kind.  We  all  want  to  know  what  our  meters  will  do,  and 
we  want  to  know  what  they  will  do  in  comparison  with  those  of 
other  manufacturers ;  then  it  remains  for  our  water-works  friends 
to  decide.  I  think  we  all,  both  manufacturers  and  water-works 
people,  are  very  glad  to  have  these  tables  showdng  these  compari- 
sons, and  we  appreciate  them  from  the  fact  that  it  takes  time 
and  it  takes  money  to  go  through  a  series  of  tests  of  this  kind. 
The  Knoxville  Water  Company  put  in  a  good  deal  of  time  and  not 
a  little  expense;  the  meter  companies,  as  Mr.  Kimball  has  said, 
loaned  the  meters  and  the  apparatus. 

I  am  very  glad  to  note  that  as  the  result  of  the  tests,  or  as  one 
of  the  outcomes  of  the  test,  one  of  our  New  England  water  works, 
namely,  that  at  Burlington,  Vt.,  of  which  Mr.  Crandall  is  super- 
intendent, is  preparing  to  test  on  a  scale  as  elaborate  as  that  at 
Knoxville.  Many  of  you  have  apparatus  for  testing  meters 
wliich  is  more  or  less  elaborate,  but  ordinarily  it  is  of  somewhat 
hmited  capacity,  that  is,  of  a  capacity  only  suitable  for  testing 
small  meters.  There  are  very  few  places  in  the  country  where 
meters  can  be  tested  at  the  rate  at  wliich  they  were  tested  in 
Knoxville.  You  will  observe  they  got  discharges  there  as  high 
as  3  000  gallons  a  minute,  and  Mr.  Crandall  will  have  an  op- 
portunity to  put  through  the  same  amount.  The  outcome  of 
a  movement  in  this  direction,  that  is,  toward  the  testing  of  large 
meters  on  an  extensive  scale,  will  be  to  put  in  the  hands  of  water- 
works people  valuable  information,  and  it  will  also  be  a  very  good 
lesson  for  the  meter  companies.  The  result  will  be  the  improve- 
ment of  meters  for  some  of  the  particular  services  for  which 
these  large  meters  [are  wanted,  that  is,  for  large  manufacturing 
establishments  for  fire  protection,  for  the  suppUes  of  smaller 
cities  and  towns  by  larger  ones,  for  hydrauHc  elevators,  and 
the  like. 

The  purpose  of  my  remarks  is  simply  to  show  that  this  is  a  step 
in  the  right  direction,  valuable  alike  to  the  water  departments 
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and  to  the  manufacturers  of  water  meters.     I  thank  you  very 
much  for  the  opportunity  to  say  these  few  words. 

Mr.  Frank  C.  Kimball  {hy  letter,  November  27,  1903). 
Since  the  preparation  of  my  paper  we  have  had  opportunity  to 
observe  the  practical  effect  of  meters  upon  fire  streams  here  at 
Knoxville.  A  woodworking  establishment,  situated  about  two 
miles  outside  of  town,  has  an  equipment  of  automatic  sprinklers 
with  two  fire  hydrants  connected  with  the  supplying  pipes  in 
the  yard  of  the  mill.  The  installation  is  fed  through  a  6-inch 
pipe,  metered  by  a  6-inch  Crown  meter  in  bypass,  with  indicator 
post  gate  in  main  line,  in  exact  accordance  with  the  "  sketch  of 
standard  metered  fire  connection,"  as  shown  on  p.  219  of  Vol. 
16  of  the  Journal  of  this  Association.  This  connection  at  the 
present  time  is  also  at  the  end  of  a  line  of  pipe  consisting  of  about 
1  300  feet  of  6-inch  pipe  and  300  feet  of  8-inch  pipe  connecting  with 
a  10-inch  main,  all  of  which  was  laid  for  this  particular  factory, 
so  that  the  conditions  as  to  friction  loss  under  heavy  discharges 
are  not  as  good  as  might  be  desired  or  as  they  may  be  later  when 
this  6-inch  line  is  completed  by  a  circuit.  Beyond  this  meter  the 
pipe  is  tapped,  and  boiler  and  other  supplies  for  the  mill  are  taken, 
so  that  this  6-inch  meter  controls  all  uses  for  this  purpose.  In 
adjoining  premises  is  a  mattress  factory,  and  among  the  build- 
ings comprising  the  same  was  a  warehouse  for  storing  excelsior. 
These  premises  had  no  fire  protection',  the  excelsior  storehouse 
being  between  200  and  300  feet  from  the  nearest  hydrant  in  the 
premises  supplied.  A  fire  started  one  afternoon  recently  in  this 
excelsior  warehouse,  and  was  well  under  way  before  being  discov- 
ered; this  warehouse  was  of  wooden  construction.  Two  2^- 
inch  fire  streams  were  taken  off  the  nearer  of  the  two  hydrants 
by-  the  employees  of  these  two  establishments,  and  while,  from 
the  nature  of  the  building  and  its  contents,  very  little  of  these 
were  saved,  all  the  surrounding  buildings,  as  well  as  piles  of  lum- 
ber stacked  in  the  yards  for  drying  purposes,  were  kept  from 
burning  or  even  scorching  to  any  appreciable  extent.  Being 
outside  the  corporate  limits  of  the  city,  no  alarm  was  sent  in,  but 
the  water  company  was  notified;  and  as  quickly  as  possible,  as 
usual,  one  of  its  employees  was  on  the  ground,  when  it  was  found 
that  the  sealed  gate  had  not  been  opened.  Investigating  the 
reason,  it  was  found  that  the  engineer  of  the  protected  establish- 
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merit,  who  had  charge  of  the  mill's  fire  brigade,  while  having  this 
bypass  gate  thoroughly  in  mind,  even  to  the  extent  of  going  to  it 
and  seeing  that  it  was  ready  to  operate  with  wrench,  etc.,  con- 
cluded that  he  would  like  to  see  how  these  streams  would  work 
through  a  meter,  and  therefore  did  not  open  the  gate;  and  his 
statement  as  to  the  effect  of  these  streams  was,  that  after  seeing 
the  way  they  worked,  he  did  not  dare  to  open  the  gate,  as  his  men 
would  not  have  been  able  to  control  the  streams  if  the  pressure 
had  been  any  greater.  As  it  was,  the  force  of  the  stream  was 
sufficient,  after  an  entrance  into  the  sides  of  the  building  by 
axes  had  been  made,  to  thoroughly  tear  off  the  boarding  and 
scatter  the  contents  of  the  warehouse.  The  pressure  at  this  point 
is  ordinarily  about  100  pounds  per  square  inch,  and  the  engineer 
states  that  at  no  time  during  the  fire  did  his  water  pressure  gage 
in  the  engine  room  show  less  than,  as  he  put  it,  from  75  to  80 
pounds,  which,  taking  into  consideration  the  long  length  of  pipe, 
as  well  as  the  obstruction  offered  by  the  bypass  and  meter,  can- 
not but  be  regarded  as  an  excellent  result. 

I  think  Mr.  Crandall's  idea  that  meters  in  the  6-inch  size  will  not 
record  small  or  fine  flows  for  any  great  length  of  time  after  they 
have  been  in  service  is  not  wholly  borne  out  by  facts,  except 
perhaps  as  drawn  from  liis  experience  with  smaller  meters.  While 
undoubtedly  water  of  a  gritty  nature,  or  having  foreign  matter 
in  suspension,  will  have  an  influence  upon  the  wearing  parts  of 
meters,  large  as  well  as  small,  our  experience  here  with  filtered 
water  shows  very  httle  trouble  along  these  lines.  Since  the  fire 
above  mentioned,  that  particular  meter  has  been  tested  for 
accuracy,  and  its  unrecorded  flow  was  less  than  half  a  gallon  per 
minute  on  all  streams  except  with  1-16  inch  opening,  wiiere  it 
was  about  three-quarters  of  a  gallon  per  minute,  showing  that 
the  use  it  had  been  put  to  had  not  materially  affected  its  sensitive- 
ness. This  meter  was  set  in  November,  1901,  and  to  date  has 
registered  about  520  000  cubic  feet.  As  an  example  of  how  a  meter 
set  as  this  one  is  can  be  tested  at  comparatively  small  expense, 
and  without  removing  it  from  its  place,  it  may  be  of  interest 
to  the  Association  to  know  that  this  was  done  in  six  or  eight 
hours'  time  when  the  factory  was  not  running,  first  seeing  that  all 
outlets  were  closed  and  that  the  meter  did  not  register  or  move 
for  some  considerable  period,  thus  showing  that  the  piping  was 
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all  tight  and  no  unaccounted  for  water  passing  through  the  meter. 
A  f-inch  meter,  which  had  previously  been  calibrated,  was  then 
attached  to  a  convenient  pipe  in  the  boiler  room,  and  various, 
sized  streams,  from  |  inch  down,  were  run  through  this  meter, 
and  the  readings  of  the  small  meter,  after  corrections,  were  com- 
pared with  the  larger  meter,  and  the  above  results  obtained. 
Between  observations  some  considerable  time  was  allowed  to 
elapse,  during  which  the  larger  meter  was  carefully  observed  to 
see  if  in  the  meanwhile  any  water  was  passing  through  it,  and  the 
result  in  all  cases  being  negative,  I  think  we  can  safely  rely  upon 
the  results  shown.  This  to  me  at  least  shows  that  for  the  limited 
time  and  quantity  used  by  this  meter,  including  one  fairly  good 
fire  test,  it  has  lost  none  of  its  accuracy.  I  think  if  water- works 
managers,  in  places  where-  large  meters  are  set,  would,  from  time 
to  time,  have  them  tested  in  some  such  comparatively  inexpen- 
sive way,  and  at  the  same  time  give  us  the  benefit  of  such 
experierice  as  they  may  have  in  regard  to  large  uses  of  water 
through  such  meters  for  fire  or  other  purposes,  that  it  would 
be  of  very  great  interest  to  this  Association  as  showing  in 
practice,  as  well  as  in  tests,  what  large-sized  meters  are  capable 
of  doing. 

I  have  been  pleased  to  learn  that  the  Water  Department  at 
Burlington,  Vt.,  has  taken  the  initiative  in  New  England  in  estab- 
lishing a  permanent  testing  plant  for  large  meters  or  devices 
requiring  a  large  supply  of  water,  to  properly  demonstrate  their 
abi-lity  and  capacity.  I  have  also  followed  by  correspondence 
the  tests  made  upon  an  automatic  regulating  gate  to  be  used  in 
place  of  a  manually  operated  gate  upon  fire  services,  and  beheve 
these  are  all  steps  in  the  right  direction  toward  obtaining  and 
maintaining  that  degree  of  protection  and  inspection  to  water 
departments  that  is  so  essential  to  the  proper  conduct  of  their 
business,  and  cannot  but  believe  that  all  these  experiments  and 
determinations  will  result  in  producing  and  perfecting  controll- 
ing devices  and  registering  apparatus  in  the  shape  of  meters  or 
otherwise  that  will,  and  very  shortly,  bring  water  departments 
and  insurance  underwriters  upon  a  common  ground,  to  the  mutual 
advantage  of  both.  I  am  also  glad  to  note  in  Mr.  Tilden's  re- 
marks that  metfer  manufacturers  are  in  line  and  sympathy  with 
this  movement  to  thoroughly  test  meters  on  a  large  scale,  as  it 
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shows  their  desire,  already  known  to  the  writer,  to  give  to  water 
departments  the  best  that  their  experience  and  abiUty  can  pro- 
duce, and  the  only  result  possible  from  this  hearty  co-operation 
of  all  concerned  will  be  to  bring  about  results  in  which  every  one 
can  but  have  confidence. 


338  RECIPROCAL    OBLIGATIONS. 


THE    RECIPROCAL    OBLIGATIONS    OF    THE    MANAGE- 
MENT OF  A  WATER  SUPPLY  SYSTEM  AND  THE 
COMMUNITY. 

BY  JOHN  O.  HALL,  EX-MAYOR,  QUINCY,  MASS. 
[Read  September  JO,  1903.'] 

Many  students  of  political  economy  believe  that  the  problems 
of  the  cities  are  those  which  most  affect  the  progress  of  the  race; 
that  the  forces  which  are  potent  in  the  cities  of  the  land  are  those 
which  make  or  mar  the  nation.  Certain  it  is  that  all  who  become 
in  any  way  familiar  with  governments  of  large  communities  real- 
ize that  there  are  many  powerful  influences  at  all  times  in  opera- 
tion in  these  governments  which  will  work  dire  disaster  to  those 
communities  and  so  to  the  state  and  the  nation  unless  they  are 
checked  in  their  activities  and  as  much  as  possible  forced  out  of 
immediate  operation  and  driven  into  the  background. 

To  any  one  connected  with  the  government  of  one  of  the  larger 
or  smaller  cities  of  the  land  who  seeks  to  administer  his  office  on 
the  broad  lines  of  strict  business  principles  and  with  an  eye  single 
to  the  best  interests  of  the  community,  there  opens  a  pathway 
beset  with  a  multitude  of  problems  difficult  of  solution  and  hedged 
about  with  numerous  forces  and  interests  antagonistic  to  those 
lines  and  very  active  and  belligerent  in  their  opposition. 

The  problems  which  beset  the  governments  of  large  communi- 
ties are  becoming  at  the  present  time  very  complex,  and  the  ten- 
dency is  to  decide  them,  in  very  many  cases,  on  the  pohcy  of  a 
temporary  expediency  or  -pohtical  advantage,  rather  than  on 
their  merits  and  for  the  welfare  of  the  community. 

Of  the  many  departments  of  municipal  governments,  none 
contains  more  perplexing  problems  than  the  water  department, 
and  in  what  I  shall  say  on  the  subject  in  hand,  I  shall  endeavor 
to  treat  these  problems  on  the  line  of  an  honest  attempt  to  ad- 
minister this  department  for  the  pubhc  welfare,  regardless  of 
personal  advantage  or  political  policies. 

My  experience' has  taught  me  that  the  line  of  economy  and  the 
public  welfare  is  the  true  one  for  the  best  results.     The  axiom 
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that  "  honesty  is  the  best  policy  "  most  certainly  holds  true  in 
the  administration  of  pubhc  affairs,  for  however  much  we  may 
seejTi  to  secure  by  an  abandonment  of  what  we  acknowledge  to 
be  an  honest  course  in  any  given  question,  in  the  end  those  who 
abandon  such  a  course  are  sure  to  meet  disaster,  and  the  com- 
munity of  innocent  citizens  must  pay  the  added  cost. 

The  policy  of  nearly  every  government  of  a  large  community 
at  the  present  day  is  too  much  in  the  line  of  unwise  extravagance, 
and  is  a  departure  from  soimd  business  principles  and  honest 
effort  for  the  pubUc  good. 

The  rapid  growth  of  American  cities  and  the  requirements  of 
modern  civilization  make  the  demand  for  a  sufficient  and  effi- 
cient water  supply  more  and  more  serious  with  each  succeeding 
year,  and  the  duty  of  the  governments  of  cities  to  provide  and 
administer  such  a  supply  becomes  more  and  more  onerous. 

To  secure  and  administer  such  a  supply  for  only  the  purely 
domestic  uses  is  quite  simple,  but  by  reason  of  the  rapid  growth 
of  population,  crowding  large  numbers  into  a  comparatively 
small  district,  the  necessity  arises  for  providing  a  system  of  sewer- 
age, and  this  very  largely  increases  the  draft  on  the  water  supply. 
Further,  by  reason  of  this  crowding  of  people,  the  added  demand 
exists  for  a  source  of  supply  remote  from  the  dense  population, 
in  order,  as  much  as  possible,  to  avoid  contamination  by  impuri- 
ties which  would  be  detrimental  to  the  public  health. 

Added  to  this  is  the  demand  for  water  for  the  extinguishment 
of  fire.  From  a  comparatively  simple  acquirement  which  would 
allow  pure  water  to  flow  into  the  houses  of  the  citizens,  we  are 
forced  to  the  consideration  of  the  more  extended  and  complex 
one  of  providing  an  abundant  supply  with  a  sufficient  pressure 
to  enable  the  fo-e  department  to  cope  with  possible  conflagrations. 
To  meet  these  demands  requires  the  still  further  and  very  large 
expense  of  pumping  and  storing  at  high  elevations. 

Under  the  teachings  of  our  present  civilization,  the  obligation 
rests  upon  governments  to  make  this  supply  pure  and  ample  for 
all  purposes,  for  it  is  conducive  to  the  welfare  of  the  community, 
whether  we  consider  that  welfare  from  the  point  of  health,  edu- 
cation, or  the  beauty  of  surroundings;  and  it  should  be  furnished 
wherever  desired  by  the  citizens,  regardless  of  the  immediate 
revenue  which  may  be  returned  in  the  form  of  water  rates. 
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:  We  may  divide  the  purposes  for  which  governments  of  com- 
munities are  under  obhgation  to  those  communities  to  supply 
water  into  the  following: 

1.  Domestic  uses:  i.  e.,  purely  for  household  economy. 

2.  Sewerage:  bath  and  toilet  facilities. 

3.  Fire   extinguishment. 

The  uses  of  water  may  be  classed  as  public  and  private,  and 
may  be  divided  as  follows : 

Domestic  and  Sewerage.  —  Private :  Within  the  building  and 
upon  the  grounds  of  houses,  hotels,  factories,  laundries,  and  Uvery 
stables.  Pubhc:  Public  buildings,  fountains,  pubUc  lavatories, 
street  drinking  fountains,  street  sprinkling,  and  pubUc  baths. 

Fire  Extinguishrnent.  —  Public  and  private. 

Loss.  — Leakage:  In  the  system.     Waste:  By  the  takers. 

The  uses  of  water  may  further  be  classed  as  domestic  and 
financial,  and  we  have: 

Domestic.  —  Private  houses  and  grounds,  hotels  and  apart- 
ment houses,  street  drinking  fountains,  public  buildings,  fountains, 
lavatories,  and  baths. 

Financial.  —  Factories,  laundries,  livery  stables,  street  water- 
ing, public  and  private  fire  extinguishment. 

If  the  supply  of  water  for  any  given  system  was  unlimited  and 
sure  to  be  in  excess  of  any  demand  that  would  be  made  upon  it, 
we  might  eliminate  the  item  of  loss  from  our  consideration;  but 
unfortunately^itjliat  is  not  the  case.  Water  is  not  free,  but,  on 
the  contrary,  can  only  be  secured  at  a  large  cost;  and  therefore 
the  obhgation  rests  upoH  every  board  of  management  of  a  water- 
supply  system,  every  superintendent  or  water  commissioner, 
to  so  carefully  watch  the  distribution  pipes  that  the  loss  of  water 
in  the  system  is  reduced  to  the  minimum  and  that  the  waste  by 
the  takers  upon  their  premises  is  paid  for. 

Waste  or  leakage  from  the  system  before  the  water  reaches 
the  consumer  must  attach  to  the  responsibihty  of  the  adminis- 
tration of  the  water  department,  and  must  become  a  part  of  the 
expense  and  be  included  in  the  general  tax;  waste  or  leakage  on 
the  premises  of  the  consumer  is  his  responsibility  and  for  it 
he  should  pay.  The  private  taker  should  not  attempt  to  place 
the  responsibility  of  detecting  his  carelessness  or  dishonesty  upon 
the  government  of  his  city. 
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The  obligation  therefore  rests  to-day  upon  every  community  to 
furnish  itself  with  a  supply  of  water,  and  upon  its  government  is 
imposed  the  duty  of  administering  that  obligation;  and  this 
impUes  the  proper  introduction  and  distribution  of  the  supply 
and  the  just  and  equitable  apportionment  of  the  expense  upon 
the  community.  This  obhgation  may  be  discharged  by  a  com- 
munity estabhshing  its  individual  plant,  or  by  combining  with 
one  or  more  communities  in  such  estabhshment,  or  by  taking 
advantage  of  a  system  established  by  private  capital.  I  shall 
speak  upon  tliis  subject  primarily  from  the  point  of  supply  under 
the  control  of  a  community,  but  much  that  relates  to  a  commu- 
nity supply  will  apply  equally  to  one  under  private  ownership 
and  control. 

In  the  methods  of  administration  in  Massachusetts,  and  I 
think  in  most  if  not  all  of  the  communities  represented  in  the 
New  England  Water  Works  Association,  the  water  department 
stands  as  a  separate  item  in  the  community  expense  in  this  regard, 
that  while  the  community  credit  is  pledged  for  the  estabhshment 
of  the  plant,  the  revenue  for  the  redemption  of  that  debt  and  for 
the  interest  and  maintenance  comes  alone  from  the  water  takers. 
This  I  beheve  to  be  wrong  in  principle  and  to  be  unfair  to  the 
general  citizen. 

The  introduction  and  distribution  of  water,  Uke  every  other 
department  of  the  public  service,  is  for  the  general  welfare,  and 
therefore  the  expense  attending  upon  such  establishment  should 
be  borne  by  the  real  and  personal  property  of  the  community 
and  should  appear  in  the  general  tax. 

Water  has  ceased  to  be  a  convenience  or  a  luxury,  but  has  be- 
come an  essential  department  of  municipal  •  affairs.  Neighbors 
have  crowded  in  upon  the  individual,  forcing  him  to  abandon  his 
well,  and  therefore  all  should  share  in  the  expense  of  the  sub- 
stitution of  another  supply.  For  this  reason  the  contention  at 
law  that  a  difference  exists  between  the  water  department  and 
the  other  departments  of  municipal  administration,  and  that  the 
water  service  exists  as  a  business  enterprise  and  is  outside  the 
pale  of  the  rights  and  privileges  appertaining  to  the  other  depart- 
ments which  are  claimed  to  exist  for  the  safety  and  convenience 
of  the  pubUc,  I  beheve  to  be  wrong. 

The  expense  incurred  in  the  establishment  of  the  water  sys- 
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tern  —  which  should  inckide  the  cost  of  preliminary  surveys 
and  incidental  expenses,  cost  of  construction  of  main  aqueduct, 
dam,  reservoir,  standpipe,  and  pumping  station,  the  lines  of  dis- 
tribution through  the  community  and  hydrant  connections  — 
should  all  be  borne  by  the  community  and  appear  in  the  general 
tax  each  year  in  the  annual  provision  for  the  maturing  debt  and 
interest. 

The  maintenance  of  the  system,  which  includes  the  cost  of 
water  furnished  and  the  cost  of  connections  with  real  estate, 
should  be  borne  by  the  individual  takers. 

It  is  admitted  that  there  is  nothing  unfair  in  this  apportion- 
ment, for  the  entire  holdings  of  the  community  are  benefited 
by  the  existence  of  an  efficient  water  system  and  therefore  should 
of  right  bear  their  proportion  of  the  expense.  The  force  of  this 
claim  is  recognized  by  many  officials,  as  is  evidenced  by  the 
practice  of  charging  an  additional  rate  based  on  the  valuation 
of  the  property. 

As  it  is  at  present,  the  water  taker  is  taxed  for  municipal  pur- 
poses and  in  addition  must  pay  as  large  a  water  tax  as  he  will 
bear;  and  the  excess  of  income  over  water  expenses  is  diverted 
to  additional  and  in  many  cases  needless  and  extravagant  schemes 
for  the  illegal  expenditures  of  public  money.  As  an  evidence 
of  this  fact,  note,  in  every  report  of  the  water  departments  of 
our  communities,  the  transfers  from  water  receipts  to  various 
foreign  departments  of  the  public  service;  to  quote  one  case,  a 
transfer  of  23^  per  cent.;  and  another  of  32  per  cent,  of  the 
original  appro jjriation.  These  transfers  show  in  almost  every 
municipal  report,  and  are  violations  of  law  and  of  great  injustice 
to  water  takers. 

-  As  under  the  present  custom  the  water  expenses  are  paid 
entirely  by  the  water  takers,  any  excess  of  revenue  over  expenses 
should  be  returned  to  them  in  the  form  of  reduced  rates. 

There  should  be  a  fair  return  for  the  commodity  deUvered. 
This,  where  the  water  is  furnished  by  the  community,  should  be 
only  the  cost  of  the  water;  but  where  a  community  chooses  to 
disregard  its  duty  and  fails  to  furnish  a  supply  itself,  it  must 
bear  the  added  cost  of  a  profit,  larger  or  smaller,  to  the  private 
company  which*  takes  the  risk  and  management  of  a  supply. 
Private  enterprise  will  see  and  avail  itself  of  such  an  opportunity. 
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and  the  community  must  pay  the  penalty  of  its  neglect  either 
in  increased  rates  or  imperfect  construction;  or  finally  a  very 
large  purchase  price,  with  the  consequent  large  expenses  of  liti- 
gation. 

On  the  idea  of  putting  the  cost  of  the  establishment  of  the 
water  system  and  the  water  used  for  pubhc  purposes  into  the 
general  tax.  I  will  quote  from  the  report  of  the  special  committee 
of  business  men  of  Madison,  Wis.,  appointed  to  consider  this 
matter  of  water  rates  and  water  charges,  as  follows: 

"  It  will  be  conceded,  we  think,  that  this  pubhc  use  should  be 
charged  on  the  community,  not  in  proportion  to  the  amount  of 
water  used  for  other  purposes,  but  more  in  proportion  to  prop- 
erty interests. 

"  Some  cities  attempt  to  distribute  or  equahze  this  charge  on 
the  community  by  crediting  the  water  fund  with  a  reasonable 
amount  for  each  fire  hydrant,  and  for  water  used  by  various 
departments  of  the  city  government,  school  boards,  park  boards, 
street  sprinkhng,  etc.,  and  by  a  system  of  bookkeeping  methods 
crediting  back  into  the  general  fund  any  surplus  of  earnings  thus 
obtained,  but  this  committee  is  of  the  opinion  that  the  cost  of 
water  for  various  public  uses  should  be  met  by  general  taxation." 

And  again  from  the  same  committee's  report: 

"The  practice  of  this  department  has  been,  and  is,  to  pay  from 
the  water  fund  the  cost  of  laying  all  water  mains,  service  con- 
nections, cost  of  meters,  etc.  Possibly  something  might  be  said 
in  favor  of  assessing  these  expenses  to  abutting  property,  the 
same  as  street  improvements  and  sewers  are  assessed." 

If,  then,  we  put  the  cost  of  the  estabhshment  of  the  system 
into  the  general  tax  levy,  thus  taking  care  of  the  annually  matur- 
ing debt  and  interest,  we  have  left  only  the  maintenance  of  the 
system  and  house  connections  to  be  charged  to  the  water  takers. 

In  the  case  of  a  number  of  communities  joining  in  an  exten- 
sive water  supply  system  under  the  conduct  of  the  state,  as  is 
the  case  of  the  Metropohtan  Water  System  of  Massachusetts,  the 
amount  assessed  upon  the  several  communities  in  that  district 
would  be  divided  into  the  amount  needed  for  the  annually  ma- 
turing expense  of  construction  and  the  amount  needed  for  the 
annual  maintenance.  The  several  governments  would  then 
put  one  item  into  their  tax  levies  and  the  other  into  the  amount 
for  maintenance  to  be  charged  to  the  water  takers.     With  this 
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arrangement  you  have  definite  figures  to  consider,  for  the  cost 
of  construction  to  a  given  date  is  shown  in  dollars  and  cents,  and 
the  annual  appropriation  gives  the  amount  to  be  charged  to  the 
water  consumers. 

If  you  eliminate  the  large  items  of  debt  and  interest  and  ex- 
tensions you  simpUfy  the  question  of  rates  to  a  very  large  extent. 
Accepting  this  method,  you  include  in  the  annual  appropriations 
for  the  various  departments  sums  sufficient  to  pay  for  the  water 
actually  used,  and  this  annual  appropriation  goes  into  the  amount 
of  the  tax  levy. 

The  cost  of  maintenance  is  something  which  can  be  deter- 
mined, —  so  many  gallons  furnished  at  so  much  cost  gives  the 
cost  per  gallon,  —  and  the  number  of  gallons  used  by  any  taker 
determines  the  amount  which  he  is  to  pay. 

If  the  calculation  of  the  price  per  gallon  proves  to  be  errone- 
ous and  an  excessive  revenue  is  collected,  the  taker  should  have 
the  benefit  in  a  reduced  rate.  This  change  of  rate  need  not  be 
made  every  year,  but  could  be  made  after  the  experience  of  two 
or  three  years  should  give  a  reasonably  accurate  basis  of  calcula- 
tion. 

If  it  is  possible  to  determine  the  amount  of  water  used  in  the 
extinguishment  of  fires,  I  think  this  amount  should  go  into  the 
tax  levy  under  the  appropriation  for  fire  department;  but  I  am 
firmly  of  the  opinion  that  the  idea  of  crediting  the  water  income 
with  the  sum  arrived  at  by  multiplying  the  number  of  hydrants 
existing  in  any  community  by  a  fixed  number  of  dollars  is  not 
a  good  one  and  should  not  be  adopted,  or  if  it  has  been  adopted 
should  be  abandoned. 

Basing  the  water  rate  on  the  cost  per  gallon  multiplied  by  the 
number  of  gallons  requires  the  use  of  the  meter  for  purposes  of 
measurement;  but  I  think  it  is  generally  conceded  that  to  meas- 
ure water  is  the  only  proper  method  of  determining  the  rate  of 
payment  by  the  water  taker.  Everything  else  that  we  use  we 
buy  by  weight  or  measure,  whether  it  be  merchandise,  clothing, 
food,  gas,  or  electricity;  and  why  should  the  quantity  of  water  we 
use  be  guessed  at? 

A  certain  sum  should  be  appropriated  for  the  installation  of 
meters  each  year,  and  this  should  be  included  in  the  expense  of 
maintenance   to   be   apportioned   upon  the   water  takers.     The 
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cost  of  the  installation  of  the  meters  upon  any  property  should 
be  a  hen  upon  that  property,  and  the  city  should  charge  for  the 
actual  water  which  the  meter  records  as  passing  through  it,  the 
charge  to  be  made  to  the  owner  of  the  property  and  not  to  the 
tenant.     The  owner  of  the  property  must  settle  with  his  tenant. 

The  meter  should  be  the  property  of  the  city,  and  the  expense 
of  examination  should  be  included  in  the  annual  appropriation 
for  maintenance.  The  charge  should  be  for  actual  water  passing 
through  and  be  so  much  per  gallon,  without  any  minimum  price, 
or  one  price  for  the  first  thousand  gallons  and  another  price  for 
succeeding  gallons. 

On  the  question  of  fire  protection  in  the  community  we  come 
to  the  one  item  in  the  whole  department  which  causes  the  most 
discussion  and  gives  rise  to  the  most  conflicting  differences  of 
opinion. 

Fire  protection,  because  of  certain  established  methods  in 
cases  of  large  manufacturing  plants,  is  divided  into  what  I  have 
called  public  and  private. 

While  there  is  a  certain  element  of  sentiment  in  connection 
with  fire  extinguishment  in  that  the  citizen's  home  is  protected 
and  lijs  household  gods  are  not  destroyed,  and  therefore  com- 
munity governments  are  exercising  their  true  paternal  function 
in  this  regard,  I  am  of  the  opinion  that  this  claim  has  very  little 
weight  indeed  and  that  the  question  is  purely  a  business  and 
financial  one,  both  as  to  pubhc  and  private  service. 

Under  our  modern  adjustments  we  find  ourselves  confronted 
with  two  conditions,  a  demand  for  an  extensive  system  for  the 
extinguishment  of  fire  in  general,  and  also  one  sufficient  to  meet 
the  added  demands  of  a  provision  for  private  protection  of  prop- 
erty by  an  elaborate  system  of  standpipes  and  laterals  which 
require  to  be  kept  constantly  full  of  water  under  sufficient  pres- 
sure to  carry  to  the  highest  part  of  the  building.  As  I  have 
stated,  and  as  is  generally  admitted,  the  provision  for  fire  extin- 
guishment adds  very  materially  to  the  expense,  of  the  establish- 
ment and  maintenance  of  a  water  plant,  and  in  a  large  community 
the  provision  for  private  fire  extinguishment  still  further  largely 
increases  the  cost.  If  this  cost  is  covered  into  the  tax  levy  and 
all  interests  in  the  community  bear  their  proportion,  the  private 
citizen  and  the  business  plant,  the  wealthy  land  owner  and  the 
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humblest  poll-tax  payer,  the  claim  of  any  one  that  he  is  entitled 
to  receive  something  from  the  community  from  the  fact  that  he 
is  a  part  of  that  community  is  answered;  he  receives  certain 
things  for  which  he  is  entitled  and  he  pays  for  it  in  his  contribu- 
tion to  the  expenses  of  the  community. 

Just  here  the  community  right  and  privilege  ends ;  beyond  this 
we  enter  upon  the  domain  of  the  individual. 

The  individual  pays  for  what  he  uses  and  only  for  what  he 
uses  at  what  it  costs  the  community  to  furnish  it  to  him. 

It  is  a  mistaken  idea  that  water  is  free  when  you  consider  it 
from  the  idea  of  the  needs  of  a  community.  Water  in  its  exist- 
ence is  free,  and  ample  in  its  supply,  take  the  world  over;  but 
its  presence  is  not  universal,  and  to  bring  it  to  the  barren  waste 
makes  it  an  article  of  merchandise,  and  as  an  article  of  merchan- 
dise, under  strict  business  laws,  it  must  be  bought  and  sold. 

I  can  see  no  ground  upon  which  to  estabHsh  a  just  claim  upon 
any  system  of  water  supply  to  furnish  water  free  for  such  an 
enterprise  as  a  business  plant.  The  owners  of  such  an  estab- 
lishment pay  for  everything  else  which  they  use,  and  why  should 
the  community  in  which  they  are  located  furnish  its  goods  free 
of  charge?  To  the  argument  that  such  an  enterprise  may  be  of 
great  advantage  to  the  community  in  which  it  is  located,  I  an- 
swer, that  claim  rests  on  the  sentimental  idea  of  government  to 
which  I  have  alluded  and  should  have  very  little  weight.  In 
fact,  a  concession  to  any  private  enterprise  by  which  the 
public  expense  is  increased  is  illegal,  and  any  tax  rate  based 
upon  an  action  of  this  kind  by  a  community  would  be  vitiated 
and  could  be  declared  invaUd. 

If  the  water  supply  was  furnished  to  the  community  by  a  pri- 
vate company,  the  contention  of  a  public  benefit  certainly  woidd 
not  hold. 

The  estabhshment  is  benefited  with  others  of  the  community 
by  the  existence  of  a  strong  fire  department,  receiving  its  benefit 
in  dollars  and  cents  and  paying  for  it  with  others  in  its  municipal 
tax;  it  is  alone  benefited,  financially,  in  its  system  of  piping, 
in  which  the  community  has  no  interest  or  profit,  and  therefore 
should  not  be  called  upon  to  bear  any  portion  of  the  expense. 
The  purpose  for.  which  this  private  protection  is  established  is 
to  limit  to  the  minimum  any  loss  of  profit  by  an  interruption  of 
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the  business  because  of  fire.  This  is  entirely  a  personal  and  self- 
ish interest,  and  therefore  the  public  should  not  be  called  upon 
to  bear  any  portion  of  the  expense.  To  the  suggestion  that  an 
interruption  to  the  business  would  be  a  loss  to  the  community, 
I  answer  that  while  this  may  be  true  I  cannot  see  that  it  is  any 
reason  for  allowing  a  constant  premium  to  the  individual  in  the 
way  of  free  water  for  a  series  of  years,  at  the  expense  of  the  com- 
munity, in  exchange  for  such  a  contingency. 

The  concession  might  with  justice  be  made  that  when  the  pip- 
ing system  was  established  it  should  be  filled  by  the  department 
on  the  ground  that  the  water  simply  stands  in  the  pipes  and  is 
not  therefore  a  constant  demand  upon  the  system  and  conse- 
quently not  a  cost  to  the  community.  The  private  company 
saves  in  insurance  charges  by  a  well-equipped  fire  department 
and  the  piping  system.     This  saving  is  all  its  own. 

For  this  former  benefit  he  pays  his  proportion  with  all  the  other 
values  of  the  community,  and  for  the  latter  expense  he  secures  all 
the  benefit,  which  is  perfectly  proper. 

The  insurance  companies  receive  the  benefit  of  the  well-equipped 
fire  department  for  which  the  citizens  tax  themselves,  and  also 
the  benefit  of  the  protection  afforded  by  systems  of  piping,  and 
therefore  I  do  not  see  where  they  enter  into  the  consideration 
at  all. 

It  is  unjust  to  the  citizens  of  a  community  to  claim  that  the 
officials  of  a  water  system  should  be  obliged  to  be  detectives  to 
make  sure  that  the  piping  systems  are  in  good  condition  and 
that  no  use  is  made  of  them  other  than  for  fire  extinguishment. 
Evidencies  of  an  improper  use  of  these  systems  of  piping,  and 
defects  m  construction  and  condition,  are  frequent  and  ample, 
and  the  individual  is  wronging  the  community  when  he  obUges 
it  to  go  to  the  expense  of  detecting  these  defects.  If  a  group  of 
manufacturing  companies  should  combine  to  put  in  a  plant  for 
their  collective  use,  it  is  certain  that  all  these  points  would  be 
most  carefully  watched  to  see  that  each  individual  plant  was  in 
first-rate  condition  and  that  no  one  concern  obtained  any  advan- 
tage at  the  expense  of  others  in  the  group.  Surely  the  commu- 
nity is  entitled  to  as  fair  treatment  as  a  combination  of  mercan- 
tile interests. 

Thus  far  I  have  considered  the  subject  from  the  point  of  view 
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of  a  public  or  community  control,  but  where  the  supply  is  fur- 
nished by  a  private  company  most  of  what  I  have  said  still  holds 
true.  The  principal  difference  is  that  while  I  claim  that  under 
the  community  control  the  citizen  should  .have  his  service  at 
cost,  in  the  case  of  the  private  company  no  such  contention  can 
be  maintained.  The  principles  remain  the  same;  the  details  of 
the  relation  between  the  company  and  the  community  differ. 

The  relations  between  company  and  community  are  in  the 
way  of  franchises  for  rights  through  its  streets  and  ways,  and 
compensation  for  public  purposes  and  for  fire  department  serv- 
ice. 

For  the  private  citizen  the  burden  falls  more  heavily  under 
a  system  of  private  control  than  under  a  municipally  controlled 
one,  for  under  the  former  management  maturing  debt,  interest, 
depreciation,  maintenance,  including  salaries  and  repairs,  to- 
gether with  extensions,  must  all  be  assessed  upon  the  water  tak- 
ers, and  to  this  sum  must  be  added  a  profit  for  the  stockholders. 

Water  used  in  the  public  service  would  in  this  case  be  paid 
for  in  the  tax  levy  and  the  individual  service  paid  direct  to  the 
company.  Under  both  forms  of  administration,  however,  the 
basis  of  cost  and  quantity  used  should  fix  the  rate  of  collection. 
In  all  cases  the  meter  is  the  proper  measure  of  quantity,  and  the 
cost  per  gallon,  including  all  the  items  heretofore  enumerated, 
the  unit  of  value. 

I  am  aware  that  the  method  which  I  have  outUned,  of  includ- 
ing all  except  the  maintenance  in  the  tax  levy,  is  at  variance  with 
the  general  practice;  yet  I  think  it  is  the  fair  and  just  method, 
for  as  at  present  administered  the  water  taker  pays  more  than 
his  proportion  of  the  expense,  as  the  large  holder  of  real  estate 
m-ade  very  much  more  valuable  by  reason  of  the  water  system 
does  not  pay  any  portion,  but  the  water  taker  pays  all  and  in 
addition  contributes  to  the  various  schemes  for  general  munici- 
pal expenditure  beyond  the  amounts  allowed  by  law.  I  believe 
it  to  be  the  bounden  duty  of  all  connected  with  the  adminis- 
tration of  pubhc  affairs  to  use  every  effort  to  have  the  adminis- 
tration of  systems  of  water  supply  improved  along  these  lines. 
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PUMPING  BY  ELECTRICITY. 

BY  F.   H.   PITCHER,   C.E.,   CHIEF  ENGINEER,   MONTREAL  WATER     AND 

POWER  COMPANY. 

[Read  September  10,  1903.] 

The  rather  high-sounding  title  of  this  paper  is  not  to  be  taken 
as  a  fair  indication  of  its  scope.  At  the  outset,  in  order  to  clear 
the  author,  it  should  be  stated  that  it  was  none  of  his  doings. 
Mr.  Kent,  our  genial  secretary,  mildly  suggested  to  the  writer, 
on  meeting  him  in  the  city  last  July,  that  a  paper  on  some  subject 
connected  with  water  works  in  this  district  would  be  acceptable 
to  the  Association  at  its  convention  in  Montreal.  It  was  men- 
tioned, by  an  unhappy  chance,  that  there  were  some  large  electric 
pumps  operating  in  connection  with  the  water  supply  of  the 
outlying  municipahties  of  this  city  with  which  the  writer  was 
interested.  Forthwith  a  few  days  later  an  innocent-looking  letter 
arrived,  making  the  author  responsible  to  the  convention  for  a 
paper  on  this  large  field  of  engineering.  Such  few  observations 
as  may  be  presented  here  will,  it  is  hoped,  be  of  some  interest  to 
the  members;  but  they  cannot  and  do  not  aspire  to  cover  the 
range  indicated  by  the  title. 

Our  larger  cities  in  the  East,  like  Montreal,  Toronto,  Hamilton, 
Ottawa,  Quebec,  etc.,  are  more  favorably  situated  perhaps  for 
obtaining  cheap  electric  power  than  corresponding  cities  in  the 
New  England  States  and  others  along  the  Atlantic  seaboard.  This 
is  on  account  of  their  proximity  to  large  water  powers,  capable  of 
commercial  development.  None  of  these  cities  is,  everything 
considered,  in  a  better  position  in  this  respect  than  Montreal.  Its 
population,  manufacturing  and  kindred  industries  offer  a  ready 
market  for  a  larger  amount  of  power,  while  its  proximity  to  the 
developed  and  undeveloped  powers  on  the  Richelieu,  St.  Law- 
rence, Ottawa,  and  Shawinigan  rivers  makes  it  possible  to  supply 
the  demand  on  a  commercial  basis. 

The  following  are  the  principal  developed  water  powers  deliv- 
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ering  under  normal  conditions  of  operation  power  to  Montreal 
approximately  as  follows : 

AtChambly,  Que.,  21  miles  from  city,  20  000  H.   P. 

At  Lachine  Rapids,  Que.,  5,miles  from  city,  14  000    ,,     ,, 

At  Shawinigan  Falls,  Que.,  80  miles  from  city,       6  000    ,,     „ 

The  latter  is  a  30,000  horse-power  development.  The  remain- 
der of  the  power  is  being  absorbed  now  by  the  industries  at  Shaw- 
inigan Falls,  or  will,  in  all  probability,  shortly  be  taken  up  by  this 
city  as  well  as  by  other  towns  and  cities  along  the  line. 

All  of  these  powers  are  capable  of  expansion,  and  are  even  now 
being  extended  so  that  there  is  little  doubt  that  twice  the  present 
amount  of  electric  power  from  water  powers  will  be  available  in 
Montreal  in  the  near  future. 

The  principal  undeveloped  powers  near  the  city  are: 

Back  River,  6  miles  from  city,  50  000  H.  P. 

Soulanges  Canal,  30  miles  from  citv,  25  000  ,,     ,, 

Another  important  available  water  power  of  50  000  horse  power 
has  been  developed  at  Massena,  N.  Y.,  approximately  sixty- five 
miles  away. 

It  is,  therefore,  not  unnatural  that  electricity  should  form  an 
important  factor  in  the  motive  power  of  Montreal. 

As  a  matter  of  fact,  for  factory  and  machine  shops  drives, 
elevators,  street  railway  power^  pumping,  etc.,  electricity  from 
adjacent  water  powers  is  largely  used  at  present  in  Montreal,  and 
by  proper  management  there  is  every  reason  to  believe  that  its 
use  in  the  near  future  will  so  increase  that  present  local  steam 
plants  will  be  retained  mainly  as  auxiliaries  and  reserves.  Under 
normal  conditions  all  pubhc  street  hghting  and  practically  all 
indoor  lighting  in  this  city  is  at  present  furnished  by  water  powers. 

BRIEF    DESCRIPTION  OF  MONTREAL  WATER  AND   POWER    COMPANY'S 
SYSTEM  AND   GROWTH. 

The  water-works  system  making  the  greatest  use  of  electric 
pumps  in  Canada,  if  not  in  America,  is  that  owned  and  operated 
by  the  Montreal  Water  and  Power  Company.  On  this  account, 
for  the  purposes  of  this  paper,  a  brief  description  of  the  general 
system  of  that  company  and  mention  of  its  growth  may  not  be 
out  of  place.    It  is  proposed  to  limit,  for  the  most  jiart,  the  present 
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paper  to-  a  discussion  of  the  problems  involved  in  the  large  electric 
Dumps  used  by  the  above  company. 

The  city  of  Montreal  proper  is  bounded  on  one  side  by  the 
River  St.  Lawrence  and  on  all  of  the  three  other  sides  by  inde- 
pendent outh'ing  municipalities.  These  extend  from  the  river 
on  the  west  side,  around  behind  the  mountain  and  the  city  to  the 
liver  again  on  the  east  side.  From. river  to  river,  by  way  of  the 
shortest  main  supply  pipe  which  could  be  laid  for  them  all,  is  over 
15  miles,  and  an  altitude  of  over  600  feet  above  the  river  is  reached 
on  the  way,  in  one  of  the  principal  municipalities. 

These  municipalities  are  now  the  towns  of  Cote  St.  Paul,  Verdun, 
St.  Henry,  Ste.  Cunegonde,  Westmount,  Cote  des  Neiges,  Outre- 
mont,  St.  Louis  de  Mile  End,  St.  Denis  Ward  (now  a  portion  of 
the  city  formerlj'  the  town  of  Cote  St.  Louis),  De  Lorimier,  and 
Maisonneuve  (see  Plate  I). 

In  1891  the  Montreal  Island  Water  and  Electric  Company,  now 
incorporated  as  the  Montreal  Water  and  Power  Company,  obtained 
franchises  for  a  long  term  of  years  to  supply  all  these  municipali- 
ties with  water;  with  the  exception  of  Verdun  and  De  Lorimier, 
which  have  since  come  in,  and  Cote  des  Neiges,  now  negotiating 
with  the  company  for  its  water  supply.  Two  of  these  towns, 
Ste.  Cunegonde  and  St.  Henry,  had  at  that  time  their  own  supply 
from  the  present  source  of  the  above  company.  The  others  either 
had  no  public  supply  or  obtained  their  w^ater  through  large  meters 
from  the  city  of  Montreal. 

The  first  step  in  organizing  a  general  supply  system  was  naturally 
to  connect  all  these  municipalities  together  in  such  a  way  that  they 
would  obtain  their  supply  from  the  most  available  and  feasible 
source.  The  source  decided  on  was  the  St.  Lawrence  River  above 
the  city,  thereby  utilizing  the  36-inch  intake  pipe  of  the  old  Ste. 
Cunegonde  water  works.  The  water  is  taken  at  a  point  1  650 
feet  (approximately)  from  the  shore  and  is  pumped  directly  into 
the  mains. 

The  work  of  connecting  up  the  different  municipalities  was 
completed  in  1898,  and  the  present  supply  system  established. 
From  the  nature  of  things  three  lifts  were  foimd  necessary,  one 
of  200  feet  from  the  river  forming  the  main  supply.  This  supply 
is  pumped  through  force  mains  approximately  6  500  feet  long,  and 
then  distributed  through  the  gridirons  of  the  towns  in  front  of 
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the  mountain  lying  "  below  the  hill  "  and  at  only  a  slight 
elevation  above  the  average  river  level.  The  population  receiv- 
ing its  supply  from  this  lift  is  approximately  one-half  of  the 
present  total  population  supplied.  In  order  to  supply  most  of 
Westmount,  and  a  large  part  of  the  territory  behind  the  mountain, 
a  second  hft  of  270  feet  was  estabhshed.  The  pumps  at  the  200- 
foot  level  take  their  water  from  a  catch-basin  of  relatively  small 
capacity,  which  receives  the  surplus  water  of  the  low-level  system. 
These  again  pump  directly  into  a  reservoir  of  8  000  000  Imperial 
gallons  capacity  (approximately)  at  an  elevation  of  470  feet,  and 
also  into  the  mains,  there  being  no  separate  system  of  rising 
mains.  This  hft  supplies  practically  all  the  other  territory  both 
in  front  of  and  around  the  mountain  (see  Plate  I). 

The  pressure  for  the  low  territory  like  Maisonneuve,  etc.,  is 
suitably  controlled  by  regulators.  This  is,  of  course,  not  the 
most  economic  final  plan,  but  at  present  the  amount  of  water  let 
down  through  the  regulators  is  not  over  25  per  cent,  of  the  whole 
supply.  A  plan  to  establish  a  low-level  reservoir  at  a  suitable 
elevation  and  connected  with  the  back  territory  by  a  low-level 
gravity  main  around  the  western  spur  of  the  mountain  is  now 
under  consideration.  The  execution  of  this  plan  will  become 
important  as  the  "  back  "  territory  grows. 

Besides  the  two  hfts  mentioned,  there  is  a  third,  estabhshed  in 
1898  for  the  supply  of  a  few  houses  on  top  of  the  Westmount 
Mountain.  This  is  a  lift  of  180  feet  (approximately),  and  as  yet 
of  small  importance  in  point  of  size.  To-day  over  80.000  people 
are  being  supplied  in  this  way. 

Seven  and  one-half  million  Imperial  gallons  are  consumed  daily, 
and  the  pumping  at  all  three  stations  is  done  by  electric  pumps. 
The  low-level  station  is  at  the  river  in  St.  Gabriel  Ward  of  the  city 
proper,  and  is  called  St.  Gabriel  Station.  The  intermediate  station 
is  on  Clarke  Avenue,  Westmount,  at  an  elevation  of  200  feet,  and 
is  called  the  Clarke  Avenue  Station.  The  remaining  station  is  at 
the  reservoir  and  is  called  the  Mountain  System  Station. 

The  pumps  at  the  low-level  station  in  1898  were  two  in  number 
—  one  an  old-type  crank  and  fly-wheel  quadruple  Holly  of  about 
750  000  Imperial  gallons  capacity  and  the  other  a  duplex  direct 
Snow  steam  puihp  of  about  3  000  000  Imperial  gallons  capacity, 
(see  Fig.  1).     At  Clarke  Avenue  there  were  two  direct  duplex 
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steam  pumps;  one  of  2  000  000  and  one  of  1000  000  Imperial 
gallons  daily  capacity.  The  larger  pumps  were  added  to  each 
station  as  the  consumption  in  the  front  grew  and  before  the  back 
territory  was  connected  to  this  source. 

The  population  had  more  than  doubled  in  the  four  years  preced- 
ing the  completion  of  this  work  of  connecting  up  all  the  towns. 
The  distribution  systems  of  the  towns  were  extended  during  that 
period  in  even  a  greater  proportion;  so  that,  when  finally  the  pipe 
system  was  ready  to  supply  the  whole  territory,  it  was  apparent 
that  additional  pumping  capacity  was  necessary  at  the  lower 
station  if  the  company  was  to  supply  all  the  water  from  its  own 
source.  An  additional  capacity  of  5  000  000  Imperial  gallons  was 
then  decided  on  for  the  lower  station. 

At  that  time  the  Chambly  and  Lachine  Rapids  water  powers 
were  in  successful  operation  and  offering  power  at  attractive 
rates  in  the  city.  Moreover,  the  load  curve  of  the  electric  com- 
panies had  then  a  severe  peak  between  4  and  8  p.;vi.,  due  to  the 
incandescent  lighting.  This  peak  during  the  winter  nearly  reached 
the  limit  of  their  full  capacity.  During  the  other  20  hours  there 
was  more  than  three  times  as  much  unused  power.  Accordingly, 
by  arranging  to  take  the  greater  portion  of  power  during  the  20 
hours  outside  of  the  peak  load,  very  reasonable  flat  rates  were 
obtained. 

The  capital  cost  of  a  5  000  000  Imperial  gallon  electric  pump 
was  then  considerably  less  than  that  of  a  steam  plant  of  equal 
duty  reckoned  on  a  steam  basis.  The  estimated  attendance  was 
only  two-thirds  of  that  for  a  steam  plant.  Electric  pumping  was 
therefore  decided  to  be  worth  trying  on  this  comparatively  large 
scale. 

•  Accordingly  the  5  400  000  Imperial  gallon  triplex  electric  pump 
now  running  at  the  lower  station  was  installed,  and  put  into  opera- 
tion in  1899  (see  Figs.  1,  2,  and  3,  and  Plate  II). 

DESCRIPTION   OF  FIRST  ELECTRIC  PUMP  INSTALLED  AT  THE  LOWER 
STATION  OF  MONTREAL  WATER  AND  POWER  COMPANY. 

This  pump  is  a  21-inch  by  24-inch  horizontal  double-acting 
outside  center  packed  power  pump,  and  is  direct  connected  through 
single  reduction 'gearing  and  a  "  Worrall "  friction  clutch  to  a  480- 
horsepower  S.   K.  C.   synchronous  motor.     The  frequency  of  the 
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power  was  66  cycles  per  second  and  a  22-pole  machine  was  adopted. 
This  gives  the  comparatively  low  motor  speed  of  180  revolutions 
per  minute.  A  piston  speed  of  about  80  feet  per  minute  was  fixed, 
and  single  reduction  gearing  adopted  with  a  ratio  of  8.88.  The 
gearing  arrangement  was  made  symmetrical  by  using  two  large 
gears  on  the  crank  shaft,  one  on  each  side  of  the  middle  pump. 
There  are  six  main  crank-shaft  bearings,  and  consequently  no  over- 
hanging cranks.  The  jack  shaft  carries  two  pinions  engaging 
with  the  gears.  This  shaft  is  carried  by  pillow  blocks  resting  on 
the  frame  of  the  power  end. 

The  valve  area  is  65  per  cent.,  there  being  36  3i-inch  valves  in 
each  deck.  The  water  chambers  are  of  the  externally  smooth 
vertical,  cyUndrical  type,  having  internal  ribs. 

The  rigid  frame  carrying  the  jack  shaft  and  crank  shaft  is  tied 
to  the  pump  ends  in  the  usual  way  by  heavy  castings,  which  form 
the  guides  for  the  cross  heads.  This  makes  a  very  symmetrical 
and  pleasing  design,  with  at  the  same  time  almost  a  maximum 
compactness  (see  Plates  III  and  IV). 

Other  principal  data  concerning  the  power  end  of  this  pump  are 
as  follows: 

2  C.  I.  Gears  178"  pitch  diam.  160  Teeth  3.494  Circular  pitch. 
2  C.  I.  pinions  20.12"      ,,  18 

Reduction  ratio.  8.SS. 

Average  speed  of  pump  shaft  has  been  maintained  at  21  revolu- 
tions per  minute.  The  three-throw  crank  shaft  is  a  steel  forging, 
10  inches  in  diameter  through  journals  and  crank  pins,  and  12 
inches  diameter  at  gear  hubs;  over  all  length  16  feet  2  inches. 
Steel  pinion  shaft  is  7^  inches  diameter  through  bearings^  9^ 
inches  at  pinions. 

OTHER    DATA. 

Rectangular  locomotive  type  connecting  rods,  6  feet  long 
center  tj  center.  Cast-steel  cross  heads,  circular  brass  shoes, 
cross-head  pins  7  inches  diameter.  The  main  bearings  consisted 
originally  of  solid  phosphor-bronze  boxes  and  journals  as  well 
as  the  crank-pin  journals.  The  bronze  plunger  rods  are  4|  inches 
diameter.  The  three  pinion-shaft  bearings  were  of  the  spherical 
self-aligning  type  common  to  electric  generators  and  motors. 
They  were  babbited.     The  water  end  was  provided  wdth  the  usual 
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suction  run  around  pipe,  a  discharge  air  chamber  over  each  uptake, 
and  one  main  suction  air  chaftiber.  Discharge  pipe  is  20  inches 
diameter,  suction  24  inches  diameter.  Separate  suction  and  dis- 
charge stop  gates  are  provided  for  each  pump,  so  that  any  or  all 
pumps  could  be  cut  out  at  will.  In  addition,  a  main  hydraulic 
bypass  valve  was  provided  for  starting  and  also  for  reducing  the 
load  OD  the  motor  during  the  four  hours  of  the  peak  of  the  load  of 
the  electric  power  company.  By  means  of  this  valve  the  pressure 
is  held  at  any  desired  point  below  that  of  full  load. 

There  was  also  provided  an  8-inch  spring  relief  valve  of  the 
Ashton  type  for  each  pump.  These  remained  set  at  the  same 
maximum  pressure.  There  are,  of  course,  the  usual  main  dis- 
charge, check,  and  foot  valves.  A  feature  of  this  installation  was 
a  new  steel  intake  well,  or  rather  tank,  below  high- water  level  in 
the  river,  and  a  36-inch  steel  intake  pipe  connection  between  this 
and  the  36-inch  wooden  intake  pipe  to  the  old  station. 

The  air-charging  device  is  the  usual  water  column  and  air  valve 
arrangement. 

BRIEF    DESCRIPTION    OF    THE    MOTOR. 

The  motor,  as  above  mentioned,  is  a  480-horsepower  two- 
phase  66-cycle  2  400- volt  synchronous  machine  of  the  S.  K.  C. 
type,  that  is,  a  stationary  field  and  armature  with  a  revolving 
inductor.  There  are  then  nor  evolving  coils  whatever,  merely  a 
cast-iron  spider  carrying  laminated  steel  pole  pieces.  A  feature 
of  this  machine  is  its  large  air  gap  as  compared  with  induction 
motors.     This  gives  perhaps  greater  security  in  its  operation. 

The  fields  of  this  machine  are  excited  in  the  usual  way  by  a 
belted  10  K.-W.  D.  C.  generator.  This  httle  machine  is  shunt 
wound,  and  has  a  rheostat  in  both  field  and  armature  by  which 
the  exciting  current  of  the  motor  is  adjusted.  The  starting 
motor  is  a  small  15-horsepower  S.  K.  C.  two-phase  500-volt  induc- 
tion machine,  which  can  be  thrown  in  or  out  of  gear  with  the  5- 
foot  4-inch  cast-iron  spur  gear  carried  on  the  motor  shaft.  The 
speed  of  the  starting  motor  is  regulated  by  a  water  rheostat  in  its 
motor,  by  means  of  which  the  large  motor,  when  in  mesh  with  the 
starter,  is  brought  into  synchronism  with  the  line. 

There  are  the  usual  ammeters,  voltmeters,  etc.,  on  the  switch- 
'•^board,  as  well  as  fuses,  lightning  arresters,  etc.       No  wattmeters 
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were  provided  on  account  of  the  power  being  bought  on  a  flat 
rate  based  on  the  maximum  load. 

The  lower  voltage  required  for  the  starting  motor  necessitates 
two  transformers,  one  in  each  phase. 

During  the  four  years  this  machine  has  been  operating,  the 
company  has  had  every  reason  to  be  satisfied  with  the  motor 
itself.  One  stator  coil  was  burned  out  some  years  ago,  due  to 
the  motor  going  out  of  step  on  a  short  circuit  and  not  being  taken 
off  the  line  in  time. 

As  long  as  normal  conditions  are  maintained  on  the  line  this 
machine  runs  with  little  trouble.  The  type,  and  more  especially 
this  particular  machine,  has  not  sufficient  regulation  to  stay  in 
step  when  a  sudden  drop  in  line  voltage  of  any  considerable 
amount  occurs. 

Unfortunately,  however,  for  this  type  much  auxiliary  apparatus 
is  found  to  be  necessary.  A  flat  on  the  commutator  of  the  exciter, 
not  quite  enough  resistance  in  its  fields,  may  cause,  and  has  caused 
in  this  case,  a  shutdown  of  serious  import.  An  extra  arma- 
ture is  carried  for  the  exciter;  but  this  part  of  the  apparatus  has 
been  uniformly  found  to  be  the  weakest  in  the  electrical  equip- 
ment. Trouble  has  also  been  experienced  with  the  starting  motor 
transformers.  Lightning,  not  grounded,  burned  them  out  at 
first.  They  were  then  provided  with  switches  which  enabled 
their  primaries  to  be  taken  off  the  line  when  not  in  use.  The 
above  accident  caused  a  shutdown  of  nearly  a  day. 

The  burning  out  of  the  httle  transformers  for  the  synchronizing 
lamps  has  also  shut  the  pump  down. 

On  the  whole,  the  points  against  a  synchronous  motor  from  the 
user's  standpoint  are  found  almost  entirely  in  its  auxiliary  appara- 
tus. On  the  other  hand,  these  motors  are  virtually  more  efficient 
than  their  induction  rival,  inasmuch  as  the  central  station,  or 
people  selHng  the  power,  often  take  account,  in  fixing  the  rate,  of 
the  power  factor  of  the  motors  they  operate.  By  over  excitation, 
as  is  well  known,  the  power  factor  can  be  brought  practically  to 
unity;  in  other  words,  the  wattless  current  is  wiped  out.  In 
that  case  the  consumer  gets  all  the  power  he  pays  for;  in  the 
other  only,  say,  from  70  to  90  per  cent.,  depending  on  the  ratio  of 
the  true  to  the  apparent  watts  of  the  motor. 

If  no  account  of  this  is  taken  by  the  central  station  then  every- 
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thing  is  in  favor  of  the  induction  motor.  However,  more  will  be 
said  about  this  type  of  machine  when  describing  the  Clarke  Ave- 
nue plant. 

To  return  to  the  operating  of  the  pumps: 

In  order  to  reduce  the  noise  of  such  heavy  and  comparatively 
high-speed  gearing  (980  feet  per  minute)  to  a  minimum,  raw-hide 
pinions  were  at  first  adopted.  These  were  built  up  in  the  usual 
way  with  layers  of  raw-hide  on  a  cast-iron  center  and  held  between 
shrouds  in  one  piece  with  the  centers.  Steel  bolts  were  inserted 
from  end  to  end  and  an  inch  or  more  extra  raw-hide  face  provided 
to  allow  for  taking  up  shrinkage.  These,  when  they  ran  well, 
were  very  noiseless  and  smooth,  but  it  was  soon  apparent  that 
they  would  not  answer.  The  middle  of  the  tooth  seemed  to 
spring  away  from  the  work  and  leave  the  ends  near  the  shrouds 
to  do  most  of  it.  This  caused  excessive  wear.  Moreover,  the 
shrinkage  with  this  raw-hide  was  so  great  that  fiber  had  to  be 
inserted  at  the  ends  in  order  to  take  up.  Finally  it  became 
impossible  to  take  up  the  shrinkage.  The  raw-hide  seemed  to 
loosen  between  the  shrouds  and  the  pinions  failed  by  cracking  at 
the  root  of  the  teeth. 

While  this  was  going  on  the  vil^ration  in  the  large  gears  was 
extreme  and  the  noise  excessive. 

It  was  essential  to  start  this  pump  again  without  any  unneces- 
sary delay.  Shrouded  machine-moulded  pinions  were  therefore 
jDut  on  and  are  running  to-day,  but,  as  might  be  expected,  with 
considerable  noise. 

The  wear  has  also  been  great,  and  the  writer  has  concluded  to 
abandon  the  two  sets  of  gearing,  substituting  therefor  one  set  in 
the  pit  next  the  motor.  The  frames  are  fortunately  wide  enough 
to  allow  a  21^-inch  face,  which  will  be  ample  for  the  300  horse- 
power now  transmitted  by  those  gears.  The  crank  shaft  is  also 
sufficient  to  allow  this  change.  It  has,  moreover,  been  decided  to 
get  10  per  cent,  more  water  out  of  that  pump  than  at  present  by 
reducing  the  reduction  ratio.  A  single  pair,  consisting  of  a 
machine-cut  cast-iron  gear  and  machine-cut  steel  pinion,  is  now 
on  order  for  this  pump. 

Another  source  of  trouble  at  the  start  was  foimd  in  the  phosphor- 
bronze  boxes.  There  was  too  much  anxiety  for  the  water  from 
this  pump  to  give  these  a  fair  chance  to  come  to  a  surface.     They 
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took  this  occasion  to  heat  badly  and  seize,  and  therefore  had  to 
be  afterwards  lined  with  babbit.  Thus  equipped,  this  pump  has 
run  without  any  extraordinary  repairs  since  October,  1899,  to 
the  present  time. 

EFFICIENCY  TEST. 

By  testing  this  plant  with  a  Weston  direct-reading  wattmeter  on 
the  motor  circuit,  and  indicating  the  water  cylinders  at  the  pump 
end  with  Crosby  indicators,  an  overall  efficiency  as  high  as  85  per 
cent,  from  electric  fine  to  water  has  been  observed.  There  is, 
however,  considerable  difficulty  in  observing  the  electric  input 
with  these  sensitive  wattmeters.  This  is  due  to  the  irregular 
oscillation  of  the  needle.  But  there  is  every  reason  to  beheve 
that  the  above  figure  is  within  2  or  3  per  cent,  of  the  truth. 

Taking  the  average  price  of  coal  in  Montreal,  and  the  price  per 
horse  power  of  electric  power,  we  obtain  a  duty  from  this  pump 
on  a  basis  of  foot  pounds  per  100  pounds  of  coal,  about  87  000  000. 

The  writer  entered  the  company  as  chief  engineer  in  September, 
1899,  while  this  pump  was  making  its  trial  runs.  When  it  was 
finally  started  it  was  at  once  apparent  that  the  intermediate 
station  on  Clarke  Avenue  was  not  able  to  carry  the  additional 
load  and  thereby  furnish  all  the  w'ater  for  the  high  levels  and 
back  territory.  The  boiler  and  chimney  capacity  were  added 
to  as  a  makeshift  until  something  more  permanent  could  be  done, 
as  it  was  at  once  made  clear  that  the  direct-acting  duplex  pumps 
at  this  station  were  neither  sufficiently  large  nor  efficient  to  do  the 
work  required.  It  was  also  clear,  at  the  same  time,  that  there  was 
not  sufficient  force  main  capacity  even  for  the  present  require- 
ments between  the  lower  pumping  station  and  Clarke  Avenue 
Station. 

At  the  lower  station,  wdth  the  new  pump  running,  the  pressure 
was  145  pounds  and  the  lift  only  200  feet.  The  new  electric 
pump  was  designed  for  120  pounds  pressure. 

It  was,  therefore,  decided  to  increase  the  capacity  of  the  force 
mains  and  that  of  the  pumping  plant  at  Clarke  Avenue.  Accord- 
ingly, a  new  24-inch  main  was  laid  to  St.  Henry,  and  14-inch  and 
16-inch  mains  in  that  town  —  the  former  one  across  the  town 
from  east  to  west  and  the  other  straight  north  and  south  to 
Westmount.     This  gave  three  force  mains,  12,   14,  and  24  inches 
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in  diameter,  about  6  500  feet  in  length  from  the  St.  Gabriel  Station 
to  the  St.  Henry  and  Ste.  Cunegonde  gridirons.  In  passing,  an 
interesting  feature  of  laying  force  mains  from  this  station  to  the 
main  system  is  the  necessary  crossing  of  the  Lachine  Canal. 
The  pipes  have  to  be  laid  to  give  a  clear  20-foot  water  way;  and 
the  bottom  of  the  canal,  where  the  company's  crossings  have  been 
made,  is  a  quasi  quicksand.  The  work  is,  of  course,  done  at  the 
low  water  during  the  government  repairs  to  the  canal  in  the  spring, 
but  the  material  in  the  bottom  renders  coffer  damming  and  trench- 
ing difficult. 

This  new  work  when  completed  reduced  the  pressure  to  85 
pounds,  with  5  500  000  Imperial  gallons  consumption.  It  has 
now  worked  up  to  between  93  and  94  pounds. 

Besides  the  consideration  of  economy,  there  was  another  and 
perhaps  a  more  important  factor  to  consider  in  deciding  on  the 
type  of  pump  for  Clarke  Avenue.  The  surrounding  property  is  of  a 
purely  residential  character  and  of  a  good  order.  The  pumping 
station  is  on  a  very  steep  hillside.  The  smoke  and  hauUng  of  coal 
up  the  hill  incident  to  the  operation  of  a  commercial  steam  plant 
were  much  complained  of  by  the  neighbors,  and  proceedings  were 
threatened.  Knowing,  however,  that  it  was  a  choice  between 
some  noise  and  vibration  in  the  immediate  vicinity  on  the  one 
hand,  and  smoke  and  dirt  over  a  broader  area  on  the  other,  the 
choice  fell  to  an  electric  plant. 

THE    CLARKE  AVENUE    ELECTRIC  PUMP, 

(see  plates  v,  vi,  vii,  viii.) 

The  chief  considerations  here  in  connection  with  an  electric 
plant  were,  after  durability  and  efficiency,  the  avoidance  of  undue 
noise  and  vibration  as  above  mentioned.  Accordingly  a  pump 
was  designed  and  installed  in  place  in  August,  1901,  much  like 
the  first  one  in  general  type,  but  heavier  and  better  built.  Many 
mechanical  changes  were  made,  most  of  which  were  found  to  be 
improvements.  Types  of  rotary  pumps  then  on  the  market  were 
considered  but  discarded. 

The  capacity  of  this  pump  was  fixed  to  begin  with  at  4  500  000 
Imperial  gallons.  This  gives  easily  an  additional  1  750  000  over 
the  old  steam  plant  at  this  station.  The  new  pump  is,  however, 
designed  to  run  up  to  7  000  000  Imperial  gallons  by  merely  chaug'- 


%%%% 


^^ 


\dk-U  TWPLCX  WCfl  Pump.  ClPmt  AVt  dTATiON 


f^ixjea.  Ho3 


703    5 


[::4    • 


PITCHER.  363 

ing  the  pinion.  This  is  ample  to  provide  for  normal  increase  at 
this  point  for  some  years. 

In  event  of  a  low-level  reservoir  being  established  at  the  proper 
level  for  the  supply  of  the  greater  part  of  the  territory,  a  -heavier 
pump  than  the  first  one  would  be  necessary.  At  the  same  time, 
such  a  large  one  would  then  not  be  required  at  Clarke  Avenue. 
Accordingly,  this  pump  was  designed  all  around  for  a  working 
pressure  of  175  pounds,  with  a  view  to  removing  it  to  the  river  for 
the  proposed  new  service.  Its  present  head  is  about  118  pounds. 
This  brought  its  weight  (exclusive  of  motor)  up  to  nearly  375  000 
pounds,  the  lower  pump  being  about  275  000  pounds.  The  chief 
differences  between  this  pump  and  the  other  are,  first,  the  gearing, 
which  consisted  of  mortise  gears  and  steel  pinions ;  steel  babbited 
boxes  instead  of  phosphor  bronze;  marine  crank  ends;  pillow 
blocks  adjustable  on  frames  ;  steel  plunger  rods  instead  of  bronze 
and  the  carrying  of  these  rods  through  the  cylindrical  plunger 
and  securing  by  a  taper  in  front  and  a  locked  nut  at  the  back 
were  other  differences.     There  are  also  other  minor  differences. 

This  pump  is  a  19+-inch  by  24-inch  horizontal  triplex,  and  the 
general  arrangement  of  gearing  was  the  same  as  the  first.  The 
motor  being  built  for  a  shghter  slower  speed,  viz.,  160  revolutions 
per  minute,  allowed  for  the  same  piston  speed  with  a  correspond- 
ingly smaller  reduction  ratio.  The  gearing  consisted  of  2  mortise 
wheels  carried  by  the  same  crank  shaft,  140  maple  teeth,  200.52- 
inches(16  feet  8^^  inches)  pitch  diameter,  18-inch  face,  4^-inch 
circular  pitch  (these  teeth  were  hand  dressed) ;  and  2  machine- 
cut  steel  pinions  carried  by  the  same  jack  shaft,  25f-inch  pitch 
diameter,  18  teeth.  Reduction  ratio  7.88.  The  steel-forged  three- 
throw  crank  shaft  is  llj  inches  diameter  through  crank  pins  and 
journals  and  13^  diameter  at  gear  hubs;  overall  length  16  feet  11 
inches.     Distance  between  gears  is  6  feet  3  inches. 

Arrangement  of  bearings,  etc.,  is  as  with  the  other  pump.  The 
jack  shaft  is  connected  with  motor  through  a  500-horsepower  48- 
inch  Worrall  clutch.  This  clutch  consists  merely  of  a  cast-iron  disc 
keyed  to  one  shaft  which  is  gripped  between  shrouds  keyed  to 
the  other.  The  usual  lever  and  toggle  joint  link  is  employed  to 
operate  it.  The  disc  and  shrouds  are  beveled,  which  ensures 
accurate  centering.  On  the  whole,  this  clutch  has  been  found 
most  satisfactory.     There  was  not  the  same  necessity  for  a  clutch 
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in  this  case  as  previously,  on  account  of  an  induction  motor  being 
adopted,  but  a  friction  clutch  of  some  suitable  kind  is  considered 
almost  indispensable  with  power  pumps  of  this  size. 

The  permanent  induction  motor  for  this  pump,  which  was  con- 
tracted for  in  1901,  was,  at  the  time,  the  largest  of  the  type  evee 
built.  There  is  only  one  other  as  large,  and  that  is  a  duplicate 
built  for  the  electric  pump  of  the  city  of  Montreal  now  being  erected. 

This  machine,  being  a  very  special  one  of  extraordinarily  slow 
speed,  was  naturally  late  in  coming.  A  temporary  drive  was 
therefore  arranged  so  that  the  pump  could  be  started  in  the 
summer  of  1901  (see  Figs.  4  and  5).  This  consisted  of  a  200-horse- 
power  three-phase  600  revolutions  per  minute  alternator,  belt- 
geared  to  a  10-foot  pulley  on  a  temporary  jack  shaft,  erected  on 
timbers  from  the  permanent  motor  foundation.  The  regular 
clutch  was  used  at  this  time  and  proved  a  very  necessary  part  of 
the  equipment. 

This  arrangement  had  a  pinion-shaft  speed  of  100  revolutions 
per  minute,  which  brought  the  load  within  the  capacity  of  this 
temporary  motor.  This  drive  ran  from  August  1,  1901,  to  April, 
1902,  or  eight  months. 

When  this  pump  was  first  started  it  seemed  satisfactory.  The 
gearing  made  only  a  shght  rumble  and  there  was  very  little  vibra- 
tion. It  seemed  as  if  the  ideal  in  electric  power  pumps  had  been 
reached.  Soon,  however,  it  was  noticed  that  the  wooden  cogs 
were  fraying,  and  the  action  of  the  gears  consequently  became 
less  smooth.  It  was  soon  —  in  less  than  six  weeks  —  necessary  to 
re-cog  these  gears.  This  was  done  by  taking  one  out  and  running 
the  pump  in  the  meantime  with  the  other  pair.  After  the  first 
one  came  back,  and  while  the  other  was  away  to  be  re-cogged,  it 
was  noticed  that  the  gears  ran  better  and  lasted  longer  with  one 
pair  than  with  two.  On  investigating  it  was  found  that  at  the 
periphery  of  these  17-foot  wheels  there  was  a  spring  between  them 
of  over  \  inch,  when  a  tangential  force  equal  to  150  horse^jower 
at  100  revolutions  per  minute  of  the  jack  shaft  was  applied.  This 
was,  of  course,  due  to  spring  in  the  crank  shaft.  When  the  stresses 
on  the  gears  are  considered  in  relation  to  the  resultant  of  the  three- 
crank  effort  curves,  it  is  at  once  apparent  that  there  is,  during 
every  revolution,  a  fluctuating  load  between  these  gears.  This 
is  brought  about  by  the  outside  cranks,  whose  load  is,  from  the 
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nature  of  things,  not  shared  equally  at  all  times  by  each  gear  as 
with  the  center  crank. 

Taking  this,  together  with  the  unavoidable  spring  in  the  crank 
shaft,  it  was  apparent  that  there  would  always  be  a  certain  amount 
of  hammering  or  pounding  between  these  wooden  wheels  and 
their  Respective  pinions.  The  writer  was  then  satisfied  that  with 
this  arrangement  such  large  mortise  wheels  could  not  be  made  to 
work. 

The  builders,  however,  claimed  the  trouble  to  be  due  to  the 
unsteady  support  of  the  pulley  end  of  the  pinion  shaft,  which, 


Fig.  5.     End  Elevation  of  Temporary  Drive. 


being  supported  on  timbers  built  up  on  a  foundation  about  7  feet 
below,  was  not  of  course  the  most  rigid  holding.  Considerable 
oscillatory  motion  of  this  end  of  the  jack  shaft  occurred. 

By  turning  the  wooden  wheels  around,  and  running  with  one 
pair,  the  pump  was  kept  in  operation  until  the  permanent  motor 
arrived.  When  this  was  installed  it  was  at  once  clear,  even  to 
the  builders,  that  the  gearing  arrangement  would  not  work,  and  it 
was  forthwith  abandoned  in  favor  of  that  now  running.  This 
consists  of  a  single  pair  of  gears, —  the  face  being  widened  to  24 
inches, —  a  mach'ine-cut  cast-iron  wheel,  and,  at  first,  an  all  raw- 
hide pinion. 
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It  having  been  observed  that  the  gears  ran  better  when  the 
working  pair  was  in  the  pit  next  the  motor,  it  was  thought  that 
a  jack  shaft  of  larger  diameter  woukl  tend  tj  smoothen  opera- 
tion. Furthermore,  with  a  two  bearing  support  for  the  pinion 
shaft  as  would  obtain,  it  was  decided  to  abandon  the  spherical 
bearings  and  substitute  stiff  bearings  of  a  greater  length.  Accord- 
ingly a  10-inch  pinion  shaft  with  bearings  of  3.9  diameters  (ap- 
proximately) was  installed. 

The  particulars  of  this  pair  of  gears  are  as  follows:  One  machine- 
cut  spur  cast-iron  gear  24-inch  face,  179  involute  teeth,  3^-inch 
circular  pitch,  pitch  diameter  199.42  inches,  or  16.61  feet. 

The  all  raw-hide  pinion  has  a  26-inch  face,  24  teeth,  26.7-inch 
pitch  diameter  (approximately).     Reduction  ratio  7.45. 

This  pinion  ran  for  six  weeks,  and  then  failed  much  as  the  others 
at  the  lower  station  did,  but  from  another  cause.  The  shrinkage 
was  much  less,  the  raw-hide  undoubtedly  being  a  superior  article, 
but  something  happened  inside  the  pinion  wliich  prevented  it 
being  taken  up.  It  is  the  writer's  opinion  that  the  raw-hide 
contracted  radially  and  got  between  the  ends  of  the  cast-iron 
centers  carried  by  the  shrouds.  However,  in  spite  of  plenty  of 
clearance  at  the  ends  of  the  pinion,  it  was  found  impossible  to 
compress  the  hide  in  the  middle  so  that  it  was  sufficiently  tight. 
The  consequence  was  the  load  all  came  on  the  ends  and  the  teeth 
got  out  of  shape,  causing  extreme  heating  in  the  pinion.  The 
coefficient  of  expansion  of  this  substance  being  high,  the  ten  l-^- 
inch  steel  bolts  holding  the  raw-hide  laterally  were  broken  as 
quickly  as  they  could  be  renewed.  The  raw-hide  itself  stood  the 
test,  and  did  not  break  as  with  the  other.  The  raw-hide  was  not 
keyed  to  the  cast-iron  center  or  otherwise  secured,  except  by' the 
bolts  passing  through  from  end  to  end.  While  this  pinion  ran 
it  was  extremely  noiseless  at  times,  but  atmospheric  changes, 
particularly  the  amount  of  moisture  in  the  air,  seemed  to  have 
considerable  effect  on  it.  An  appreciable  variation  in  the  running 
of  the  gearing  was  observable,  apparently  from  no  other  cause 
than  atmospheric  changes. 

A  cast-iron  pinion  was  cut  as  soon  as  possible  and  installed  in 
place  of  the  raw-hide  one,  pending  the  arrival  of  the  pinion  now 
running. 

The  first   raw-hide  pinion   was,  of  course,  the  largest  ever  at- 
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tempted  in  face  and  mass  of  raw-hide.  But  in  the  writer's  opinion 
the  very  qiiahty  to  which  raw-hide  owes  its  noiselessness — viz.,  the 
spring  —  renders  an  all  raw-hide  tooth  of  such  a  length  impossible 
for  heavy  work.  The  teeth,  as  above  mentioned,  spring  away 
from  the  work  in  the  middle,  or  point  of  maximum  bending 
moment,  and,  the  cast-iron  teeth  of  the  gear  being  relatively  rigid, 
too  much  work  comes  on  the  ends,  which  in  consequence  show 
excessive  wear  in  a  few  days.  Unfortunately  the  writer  wa^ 
unable  to  hold  a  postmortem  on  this  pinion,  without  which  the 
above  is  offered  as  an  explanation  of  its  failure. 

The  pinion  now  running  is  one-third  brass;  that  is,  it  is  cut 
from  a  blank  having  a  section  of  brass  in  the  middle  8  inches 
wide,  with  8  inches  of  raw-hide  on  each  side.  The  whole  is  keyed 
as  well  as  bolted  to  the  cast-iron  centers,  which  makes  a  rigid  point 
in  the  middle  of  the  face  of  the  teeth.  This  pinion  has  run  since 
April  9  last,  and  shows  only  a  slight  amount  of  wear.  It  is  not, 
however,  in  point  of  noise  much  ahead  of  the  cast-iron  pinion.  In 
fact,  with  its  present  slight  wear  it  is  doubtful  whether  it  runs  as 
smoothly  as  the  iron  pinion.  The  raw-hide  people  are  anxious  to 
try  again,  using  an  all  raw-hide  face  having  the  raw-hide  keyed 
to  the  centers.  I  understand  they  now  have  one  of  that  type  under 
way. 

This  pump  runs  only  20  haurs  a  day,  and  there  is  therefore 
ample  op^jortunity  to  take  up  the  slack  in  the  raw-hide,  etc. 

To  those  visiting  this  station  during  the  convention  it  will  at 
once  be  apparent  why  every  effort  should  be  made  to  minimize 
the  noise  of  the  pump. 

Otherwise  than  the  gearing,  this  machine  has  been  most  satis- 
factory from  the  start. 

'Both  the  lower  station  and  upper  are  provided  with  10-ton 
travehng  cranes, 

DESCRIPTION    OF   THE    CLARKE    AVENUE    MOTOR, 

The  motor  is  a  400-horsepower  three-phase  60-cycle  2  200- 
volt  90-amp6res  induction  machine,  having  44  poles  and  there- 
fore a  synchronous  speed  at  60  cycles  of  approximately  160  revo- 
lutions per  minute.  In  order  to  keep  up  the  power  factor  with 
that  number  of  poles  a  very  large  machine  with  a  very  small  air 
gap  or  ^clearance  naturally  results.      The  rotor  is  13  feet  diam- 
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eter  and  the  stator  6  feet  outside  diameter.  The  clearance 
between  rotor  and  stator  is  less  than  1-16  inch. 

The  guaranteed  power  factor  at  full  load  is  9H  per  cent.,  full 
load  efficiency  92  per  cent.,  heating  limit  after  12  hours  run  40°  C. 
temperature  rise  at  full  load.  An  overload  of  25  per  cent,  for  2 
hours  should  not  show  a  temperature  rise  of  more  than  50°  C.  at 
same  efficiency.  The  above  is  a  very  Uberal  rating  on  this  machine, 
as  another  10  degrees  would  not  be  out  of  the  way  for  regular  run- 
ning and  550  horsepower  could  easily  be  reaUzed  at  that  limit. 
The  machine  passed  its  test  satisfactorily. 

It  must  not  be  understood  that  this,  with  the  later  city  dupli- 
cate, are  the  largest  induction  motors  ever  built  in  point  of 
power.  They  are,  however,  it  is  thought,  as  large  as  any  in 
that  respect  when  rated  on  the  same  basis.  But  they  are 
much  larger  in  their  diametrical  dimensions  than  anything 
previously  attempted. 

This  motor  is  started  by  first  an  auto  starter  in  the  stator. 
This  is  simply  a  series  of  transformers  so  arranged  that  the  line 
voltage  may  be  applied  to  the  stator  windings  in  gradual  steps. 
This  arrangement  prevents  the  sudden  rush  of  current  so  objec- 
tionable to  the  line  and  so  frequently  found  in  starting  smaller 
induction  motors.  In  the  meantime  the  rotor  is  an  open  circuit, 
which  after  the  full  fine  volts  have  been  appHed  to  the  stator  is 
closed  gradually  through  the  resistance  of  a  water  rheostat.  The 
starting  current  of  this  motor  is  only  30  amperes. 

It  would,  of  course,  have  been  preferable  from  an  operating 
point  of  view  to  have  had  this  machine  two-phase  like  that  below, 
but,  in  order  to  meet  the  condition  of  the  electric  company  supply- 
ing the  power,  three-phase  had  to  be  adopted. 

This  machine  is  considered  a  very  satisfactory  one,  remember- 
ing that  it  was  the  first;  the  city  motor  has  some  slight  mechan- 
ical improvements. 

There  has  been  no  trouble  like  that  experienced  below  in  the 
operation  of  this  motor.  A  strong  short  circuit  on  the  line  for  a 
few  moments  makes  no  trouble  in  the  pumping  station. 

The  starting  device  is  much  simpler  and  less  liable  to  get  out 
of  order.  Even  if  it  did,  the  motor  could  still  be  started  by  apply- 
ing the  full  line  voltage  at  one  step.  This  would,  however,  not 
be  agreeable  in  all  probabihty  to  the  central  station  people. 
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EFFICIENCY. 

With  good  steam  coal  at  its  present  price  delivered  at  that  sta- 
tion, the  duty  of  this  pump  corresponds  to  162  000  000  foot- 
pounds per  100  pounds  of  coal  approximately. 

The  difference  in  duty  on  this  basis  between  the  two  installa- 
tions is  due,  of  course,  to  the  higher  price  of  power  below  and 
slightly  lower  cost  of  coal  —  the  latter  on  account  of  the  differ- 
ence in  hauling  and  the  former  because  some  24-hour  power  is 
used  there. 

This  motor,  as  will  be  seen  from  the  illustration,  is  absolutely 
self-contained. 

The  stator  is  in  two  parts  divided  along  a  diameter.  The  rotor 
is  in  one  piece.  The  diameter  of  the  shaft  through  the  bearings 
is  10  inches.  The  bearings  are  not  self-aUgning,  which,  for  a 
direct-connected  machine  hke  this,  is  considered  an  advantage. 

The  approximate  weights  of  the  parts  are  as  f .allows :  Stator  — 
Top  half,  23  500  pounds;  bottom  half,  29  500  pounds;  rotor, 
25  000  pounds. 

As  will  be  observed,  the  peripheral  speed  of  this  machine  is 
fairly  high,  being  over  6  500  feet  per  minute.  This,  however,  in 
spite  of  the  minute  clearance  and  large  diameter  of  the  rotor, 
causes  no  anxiety  with  modern  methods  of  rotor  construction. 

This  equipment  would  have  been  most  satisfactory  from  an 
operating  standpoint  if  it  had  been  thought  possible  to  consider 
all  metal  gearing  at  the  outset.  Double  reduction  gearing  was 
rulfed  out,  both  on  account  of  its  inefficiency,  cumbersomeness,  and 
Uability  to  additional  disturbance. 


THIRD    ELECTRIC    PUMP. 

The  third  electric  pump  was  installed  at  the  lower  station,  due 
to  the  following  considerations: 

The  additional  force  and  supply  mains  above  mentioned  between 
the  lower  station  and  Clarke  Avenue  reduced  the  load  by  more 
than  30  per  cent,  on  the  lower  motor.  The  power  contract  entitled 
the  company  to  more  than  it  was  possible  to  use  under  the  new 
conditions  in  the  same  proportion.  On  this  account  additional 
pumping  capacity  at  this  station  was  contemplated  in  the  scheme 
which  included  additional  force  main  capacity. 
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To  take  full  advantage  of  the  capacity  of  the  electric  motor 
already  installed,  and  at  the  same  time  utilize  all  the  power  avail- 
able under  the  old  conditions,  it  was  apparent  that  an  additional 
power  pump  of  one-half  the  capacity  of  the  original  low-level 
electric  pump  was  possible. 

The  Hmits  of  the  building  did  not  admit  of  a  direct-connected 
pump.  Accordingly  the  additional  pump  now  running  was 
placed  "  back  "  and  rope-driven  from  a  friction  clutch  rope  pulley 
carried  by  an  extended  shaft  of  the  original  4S0-horsepower  S.  K. 
C.  motor  (see  Fig.  1  and  Plates  III  and  IV). 

DESCRIPTION    OF   THE    16^-INCH    BY    18-INCH    POWER    PUMP    AT 
ST.    GABRIEL  STATION. 

The  chief  consideration  here  was  compactness  in  proportion  to 
capacity. 

A  16^-inch  by  IS-inch  duplex  double-acting  center-packed  pump 
was  adopted,  having  a  capacity  of  2  500  000  Imperial  gallons. 
The  general  water  end  design  is  similar  to  the  foregoing  pumps. 

The  pinion  shaft  was  carried  back  on  the  cross-head  guides  to 
allow  of  sufficient  centers  for  an  efficient  rope  drive.  A  feature 
of  this  pump,  due  to  the  limited  space  available,  was  an  annular 
suction  air  chamber,  cast  about  a  section  of  the  12-inch  discharge 
pipe. 

The  gearing  is  essentially  a  double-reduction  arrangement, 
the  ratio  between  the  rope  pulleys  on  the  motor  and  on  the  jack 
shaft  being  1.36,  and  the  spur  pinion  and  gear  of  the  pump  4.19. 

The  spur  gearing  was  as  follows:  One  mortise  wheel  9  feet  11.04 
inches  ("83.04  inches)  pitch  diameter,  88  teeth,  4^-inch  circular 
pitch,  16^-inch  face.  Machine-cut  steel  pinion,  28.41-inch  pitch 
diameter,  21  teeth.  Total  reduction  ratio  between  motor  and 
crank  shaft,  5.698.  Speed  of  crank  shaft,  32  revolutions  per 
minute. 

The  wooden  cogs  fared  no  better  than  those  at  Clarke  Avenue 
and  failed  in  much  the  same  way.  A  loose  and  badly  made  key  of 
the  pinion  shaft  pulley  might  be  sufficient  to  account  for  the  failure. 

This  gearing  was,  however,  replaced  by  that  now  running,  which 
consists  of  a  machine-cut  cast-iron  gear  with  112  involute  teeth, 
3.2975-inch  pitch,  117.56-inch  pitch  diameter,  17i-inch  face,  driven 
by  a  steel  pinion,  29  teeth,  30.42  pitch  diameter.     Ratio  3.86. 
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As  far  as  can^be  seen  this  is  a  satisfactory  arrangement.  The 
piston  speed  of  this  pump  is  96  feet  per  minute  at  32  revolutions 
per  minute.. 

An  additional  5  000  000  Imperial  gallon  electric  pump  is  now 
under  consideration  for  this  station  to  meet  the  growing  demand, 
and  at  the  same  time  a  12  000  000  Imperial  gallon  reserve  steam 
plant  to  be  used  only  in  emergency. 

THE    MOUNTAIN    SYSTEM    PUMP. 

The  electric  pump  used  at  the  Mountain  System  Station  is  a 
small  8  by  10  inch  single-acting  vertical  triplex,  driven  through 
double-reduction  gearing  by  a  7^-horsepower  500-volt  S.  K.  C. 
induction  motor.  The  capacity  of  this  little  pump  is  approxi- 
mately 100  Imperial  gallons  per  minute. 

As  mentioned  above,  this  supplies  the  people  living  on  the 
Westmount  Mountain.  There  are  no  special  features  about  this 
equipment.  An  exact  duphcate  can  be  seen  in  dozens  of  cotton 
mills,  etc.,  throughout  the  country.  They  differ  from  each  other 
only  in  size  and  type  of  drive.  No  trouble  has  been  experienced 
with  this  apparatus. 

NEW    ELECTRIC    PUMP    FOR    THE    CITY    OF     MONTREAL. 

Before  closing,  mention  should  be  made  of  an  important  simi- 
lar installation  now  being  erected  for  the  city  of  Montreal  at  its 
high-level  station. 

The  pump  is,  briefly,  an  18-inch  by  24-inch  double-acting  hori- 
zontal triplex  inside  plunger  packed  pump.  This  is  to  deUver 
5  000  000  Imperial  gallons  in  24  hours  and  will  be  run  at  a  piston 
speed  of  about  115  feet  per  minute. 

The  general  gearing  arrangement  is  similar  to  that  finally 
adopted  at  Clarke  Avenue,  except  that  a  hand-dressed  mortise 
wheel  and  steel  pinion  will  be  used. 

Pitch  diameter  gear  188.44  inches,  148  maple  teeth,  4-inch  pitch, 
20-inch  face.  Pinion,  steel,  31.83  inches  pitch  diameter,  25  teeth. 
Ratio  5.9. 

As  mentioned  above,  the  motor  is  electrically  identical  with 
the  Clarke  Avemie  machine.  A  change  in  the  method  of  adjust- 
ing the  rotor  in  its  housings  has  been  adopted,  so  that  in  case  of 
wear  at  the  journals  the  motor  can  be  easily  raised  by  the  wedges 
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and  screws  provided  for  the  purpose.  The  housings  or  cheeks 
have  been  flared  outwards  and  the  sole  plates  widened  to  give 
greater  stiffness. 

TO    SUM    UP. 

The  chief  problem  encountered  with  large  reciprocating  electric 
pumps  is  in  suitably  reducing  the  speed  of  a  comparatively  high- 
velocity  prime  mover.  It  is  undesirable  at  present  on  account  of 
the  cost  to  build  an  induction  motor  to  run  at  less  than  say  150 
revolutions  per  minute  with  a  frequency  as  high  as  60  cycles. 

The  more  modern  power  installations  like  that  at  Shawini- 
gan  Falls  generate  at  30  cycles.  This  would  be  very  desirable 
power  for  reciprocating  electric  pumps.  Unfortunately  such  a 
low  frequency  cannot  be  obtained  in  Montreal.  The  Shawinigan 
power  used  in  the  city  is  transformed  at  a  local  sub-station  to 
60  cycles  so  as  to  coincide  with  the  original  Machine  system. 

The  high-speed  turbine  pumps,  so  much  used  abroad  and  now 
being  introduced  into  the  United  States,  may  prove,  everything 
considered,  more  desirable  as  electrically  driven  pumps  than  the 
reciprocating  type. 

The  principal  advantages  of  large  electric  pumps  in  this  district 
are  a  high  comparative  duty,  which,  when  the  power  is  on  a  flat 
rate,  remains  absolutely  constant.  This  is  a  great  advantage 
and  eliminates  the  personal  equation  of  firemen  and  attendants. 
They  certainly  require  less  attendance  than  steam  pumps  of  an 
equal  capacity  beyond  the  small  sizes.  They  are  clean  and 
generally  cause  less  annoyance  to  surrounding  property  holders. 
They  run  with  less  oil  and  waste.  In  this  district,  with  the  larger 
sizes,  the  capital  cost  of  the  equipment  per  horse  power  is  less  than 
a  steam  plant  of  equal  duty. 

A  great  disadvantage  is  that  not  unfrequently  the^water  supply 
is  at  the  mercy  of  an  outside  electric  system,  which  is  liable  to 
accident,  often  causing  frequent  interruption.  In  other  words, 
the  operation  of  the  pumps  is  not,  from  the  nature  of  things,  en- 
tirely under  the  control  of  the  water  works. 
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DISCUSSION.* 

Mr.  Harvey  D.  Eaton.  I  should  like  to  ask  Mr.  Hill  what 
would  be  a  fair  amount  for  a  pupil  to  consume  per  day,  if  he  can 
give  an  estimate  of  that,  under  proper  regulations. 

Mr.  William  L.  Hill.  I  should  think  four  gallons  would  be 
plenty. 

Mr.  Eaton.  What  is  the  usual  amount  required  for  a  single 
flushing  of  a  closet? 

Mr.  Hill.  That  depends  on  the  style  of  closets.  It  varies 
from  3  to  7  gallons.  It  takes  nearly  a  gallon  per  day  per  pupil  to 
flush  the  closets  they  have  now.  The  smallest  consumption 
appearing  on  this  table  is  2.3  gallons  per  pupil  in  a  school  with  218 
pupils.  In  one  school  with  868  pupils  the  consumption  was  3 
gallons  per  capita. 

Mr.  Eaton.  Do  you  think  those  school  buildings  are  fairly 
furnished  with  conveniences  so  the  children  are  properly  accom- 
modated? 

Mr.  Hill.     I  think  they  are. 
'  Mr.  Leonard  Metcalf.     Is  there   any   apparent   reason  for 
the  high  consumption  in  any  of  the  schools  showing  the  very 
high  consumption  per  pupil?     That  is,  are  the  numbers  of  pupils 
very  small  in  those  cases? 

Mr.  Hill.  Here  is  one  school  with  68  pupils,  where  the. con- 
sumption is  497  gallons,  and  here  is  another  school  with  426  pupils, 
where  the  consumption  is  117. 

Mr.  Frank  L.  Fuller.  I  should  hke  to  ask  Mr.  Hill  if,  after 
the  meters  were  introduced  and  the  large  consumption  reported, 
any  large  leaks  were  discovered  in  the  cases  where  the  high  figures 
appeared. 

*  This  discussion  (bf  paper  by  John  Venner,  Chief  Inspector,  Bureau  of  Water,  Syracuse, 
N.  Y.,  read  at  the  Montreal  Convention  by  Mr.  Wm.  R.  Hill)  was  not  available  for  publi- 
cation with  the  paper  on  account  of  the  illness  of  the  rep  )rter.  The  paper  may  be  found 
in  the  September,  1903,  issue,  p.  268,  vol.  17. 
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Mr.  Hill.  There  is  no  question  that  there  was  a  good  deal 
of  leakage.  The  meters  had  only  been  on  three  months  when  this 
table  was  made  up,  and  no  doubt  Mr.  Venner  later  on  can  give 
you  some  very  valuable  information  with  regard  to  leaks  in  school 
buildings  as  well  as  in  other  buildings.  Here  is  one  school  which 
started  with  188  gallons  for  the  month  of  March,  and  in  the  month 
of  May  it  had  got  down  to  104.  Here  is  one  which  starts  with  44 
gallons,  and  that  got  down  to  28.  I  read  the  figures  for  the  last 
month  and  not  for  the  first  month.  The  figures  for  the  first 
month  would  have  been  even  larger  than  those  I  read. 

Mr.  Fuller.     Were  the  meters  read  every  day? 

Mr.  Hill.     No,  they  were  not;  they  were  read  once  a  month. 

Mr.  Kenneth  Allen.  What  style  of  water  closet  was  used 
—  whether  the  individual  closet  or  closets  which  are  flushed  in 
series? 

Mr.  Hill.  I  do  not  know;  I  could  not  answer  that.  I  had 
nothing  to  do  with  the  preparation  of  this  paper.  Mr.  Venner, 
the  chief  inspector,  prepared  the  paper  and  requested  that  I  should 
read  it.  I  notice  here  that  in  a  school  of  574  pupils  the  per  capita 
consumption  was  6  gallons,  in  another  school  with  471  pupils  it 
was  4  gallons,  and  in  another  with  353  pupils  it  was  3.9  gallons; 
so  T  think  4  gallons  is  quite  sufficient. 

A  Member.  Do  you  know  whether  the  buildings  are  heated 
with  hot  air  or  by  steam? 

Mr.  Hill.     I  do  not. 

A  Member.  When  you  speak  of  self-closing  faucets  have  you 
any  particular  type  or  make  in  mind? 

Mr.  Hill.     I  have  not;  no. 

The  Member.  We  have  had  trouble,  and  would  hke  advice  in 
selecting. 

Mr.  Hill.  There  are  some  four  or  five  very  good  styles,  but 
just  what  they  are  is  not  now  fresh  in  my  mind.  They  are  also 
using  a  great  deal  of  water  in  Syracuse  for  motor  purposes  for 
operating  fans  for  ventilating  the  schools,  and  that  is  not  included 
in  this  table  of  consumption  at  all. 

Mr.  Fuller.     That  is  unmetered  water? 

Mr.  Hill.  Yes,  that  for  the  motors  is  unmetered,  but  Mr. 
Venner  is  placing  meters  on  them,  so  he  will  be  able  later  to  give 
you  the  information  in  regard  to  that.     Three  and  three-fifths 
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per  cent,  of  our  entire  consumption  going  to  34  schools  certainly 
shows  an  enormous  wastage  of  water. 

Mr.  F.  L.  Fuller.  It  seems  to  me  that  this  paper  which  Mr. 
Hill  has  read  gives  us  another  example  of  the  foolish  way  in  which 
water  is  sold,  not  perhaps  so  much  now  as  formerly,  but  it  seems 
absurd  that  a  commodity  that  has  any  value  at  all  should  be  sold 
or  distributed  in  the  way  that  water  is,  in  many  towns.  My  own 
town,  Wellesley,  perhaps  furnishes  a  good  illustration  of  this  point. 
For  a  number  of  years  after  the  works  were  built,  our  water  was 
sold  by  the  faucet,  and  the  consumption  increased  very  rapidly, 
■doubling  in  a  year  or  two.  When  our  consumption  reached  about 
•93  000  000  gallons  a  year,  if  I  remember  correctly,  we  began  to 
put  in  meters,  and  although  the  number  of  takers  continued  to 
increase,  the  consumption  began  to  decrease,  and  continued  to 
decrease  somewhat  in  proportion  as  the  use  of  meters  increased, 
and  for  a  number  of  years,  perhaps  six  or  eight,  our  consumption 
has  been  less  than  the  maximum  it  had  reached  before  meters  were 
introduced.  We  now  use,  I  should  say,  80  000  000  gallons  a 
year,  whereas  ten  or  twelve  years  ago  we  were  using  93  000  OOQ 
gallons,  and  probably  we  have  twice  as  many  consumers  now  as 
then. 

I  read  the  meter  in  my  own  house  every  morning,  or  try  to, 
just  for  the  sake  of  seeing  how  the  consumption  varies,  and  it  is 
quite  interesting  to  keep  that  record.  We  have  five  in  the  family 
generally,  and  the  consumption  is  perhaps  5  or  6  cubic  feet  for 
the  minimum,  while  on  washing  days  it  will  run  up  to  from  10  to 
15  cubic  *feet,  which  is  a  good  deal  less  than  many  of  the  figures 
which  Mr.  Hill  has  read.  Of  course  the  use  of  water  in  a  private 
dwelling  house,  the  legitimate  use  of  it,  is  a  great  deal  larger  than 
it  would  be  in  a  school  building;  that  is,  the  water  used  for  washing 
clothes  and  for  washing  dishes  and  such  uses  as  that  would  not 
■pertain  to  a  school  building.  The  amount  of  water  used  in  the 
water  closets  might  be  practically  the  same,  but  I  should  suppose 
'that  would.be  less  per  capita  in  a  school  building  than  in  a  private 
house.  But  this  all  points,  certainly,  to  the  reasonableness  of 
the  use  of  meters.  When  a  meter  can  be  bought  for  from  $8  to 
.$10  which  will  register  all  the  wafer  which  an  ordinary  house  will 
•use,  and  wliich  will  last  12  or  15  years.  —  1  don't  know  just  what 
the  life  of  a  meter  is.  —  it  seems  as  though  it  were  a  wise  invest- 
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merit  for  a  town  or  a  city  to  make.  In  Wellesley  the  town  owns 
the  meters  and  the  people  have  no  expense  on  account  of  them, 
except  to  keep  them  from  freezing. 

Mr.  Eaton.  I  should  like  to  ask  Mr.  Hill  if  such  a  condition 
of  wastage  of  water  as  he  has  shown  to  exist  in  Syracuse  does  not 
indicate  a  pretty  serious  impairment  of  the  efficiency  of  the  fire 
service ;  in  other  words,  if  it  does  not  reduce  the  pressure. 

Mr.  Hill.  That  would  be  true  where  there  was  a  systeu)  of 
small-sized  pipes,  like  some  systems  I  know  of,  for  example,  at 
Waterville,  Me.,  where  they  have  31  miles  of  pipe  and  12  of 
it  is  less  than  4  inches  in  diameter.  I  think  a  large  consumption 
or  waste  of  water  there  would  seriously  interfere  with  the  fire 
service.  In  fact,  on  these  12  miles  of  main  they  have  ud  fire  pro- 
tection whatever,  in  my  opinion.  In  a  city  where  they  have  large 
mains  the  wastage  in  school  buildings  would  have  a  very  small 
effect,  but  the  general  wastage  might  have  a  very  serious  effect. 

Mr.  Eaton.  I  meant  if  such  conditions  prevailed  in  all  the 
services,  not  only  in  the  schools. 

Mr,  Hill.     Oh,  yes,  I  should  think  so;  yes,  indeed. 

Mr.  F.  W.  Dkax.  In  regard  to  the  matter  of  fire  protection 
with  small  pipes,  I  was  somewhat  instrumental  in  having  the 
Metropolitan  water  introduced  into  the  town  of  Lexington,  where 
I  live.  They  had  a  well  system  there,  and  the  water  was  pumped 
by  a  small  pump  into  a  standpipe,  and  there  was  considerable 
head.  There  was  a  good  deal  of  feeling  in  the  town  against  intro- 
ducing the  Metropolitan  system,  because  it  was  thought  by  many 
persons  that  the  Metropohtan  Water  Board  was  anxious  to  get 
all  the  towns  possible  in,  in  order  to  help  pay  the  bills  for  the 
establishment  and  maintenance  of  the  system,  though  of  course 
.anything  that  Lexington  could  have  contributed  in  that  direction 
would  have  been  but  a  drop  in  the  bucket.  It  is  rather  amusing 
that  one  of  the  strenuous  opponents  to  the  Metropolitan  system 
had  his  house  located  about  three  thousand  feet  from  the  main 
.line,  and  a  4-inch  pipe  led  in  that  direction.  His  house  caught 
fire,  the  first  house  which  caught  fire  after  this  agitation  occurred, 
and  it  was  entirely  consumed,  for  there  was  not  force  enough  to 
throw  the  water  upon  the  roof. 
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WATER  WORKS. 

DISCUSSION.* 

Mr.  J.  C.  Hammond,  Jr.  I  would  like  to  ask  Mr.  Janin  if  they 
have  an  overflow  to  their  high-level  reservoir,  or  if  they  have  to 
watch  the  gages. 

Mr.  Janin.  Of  course  we  have  an  overflow,  but  the  gages 
are  watched.  We  pump  only  in  the  daytime.  We  have  a  reser- 
voir capacity  of  about  1  750  000  Imperial  gallons,  and  the  con- 
sumption is  about  2  200  000.  The  present  pump  is  worked 
twelve  or  fourteen  hours  a  day.  The  reservoir  is  left  full  every 
night,  and  the  next  morning  the  water  level  is  found  to  be  down 
six  or  eight  feet  when  the  pumping  is  resumed  at  six  o'clock.  The 
pumping  is  maintained  all  day,  and  along  towards  four  or  five 
in  the  afternoon  we  find  we  get  near  the  overflow,  and  then  the 
pump  is  run  more  slowly  until  six  or  seven  o'clock,  at  which  time 
the  reservoir  is  left  full. 

Mr.  Fred  Brooks.  Will  you  please  explain  what  is  meant 
by  "  frasil  "? 

Mr.  T.  W.  LESAGE.f  Frasil  is  the  name  given  in  this  country 
to  ice  which  forms  in  swift  running  water  in  cold  weather. 

Mr.  Frank  L.  Fuller.     What  we  call  anchor  ice? 

Mr.  Lesage.  No;  there  is  considerable  difTerence  in  the  forma- 
tion of  the  two  kinds  of  ice.  It  is  not  what  is  called  anchor  ice, 
which  generally  forms  in  calm  water.  Frasil  or  slush  ice  is  formed 
in  very  rapidly  running  water.  The  water  in  our  rapids  is  running 
at  the  rate  of  six  miles  an  hour  or  more,  and  this  frasil  ice  forms 
in  very  cold  weather  on  the  surface  of  this  swift  running  water, 
and  then  slowly  sinks,  or  partly  sinks,  and  attaches  itself  hke 


*This  discussion  (q^  paper  by  George  Janin,  C.E.,  Superintendent,  Montreal  Water 
Works)  was  not  available  for  publication  with  the  paper  on  account  of  the  illness  of  the 
reporter.    For  the  paper,  see  page  272,  vol.  17,  Sept«mber,  1903. 

t  Assistant  Superintendent  Montreal  Water  Works. 
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anchor  ice  to  the  bottom,  or  to  any  other  ice  that  happens  to  be 
there,  and  it  impedes  very  much  the  flow  of  our  aqueduct,  as  it 
lodges  in  a  spongy,  shishy  mass  under  the  surface  ice. 

In  the  fall  of  the  year,  before  our  settling  basin  in  the  head 
race  freezes  over,  late  in  November  or  early  in  December,  if  there 
are  two  or  three  days  when  the  temperature  is  less  than  ten  above 
zero,  it  generally  happens  that  the  gratings  at  the  entrance  of 
the  wheel  pits  are  completely  clogged  by  this  frasil  ice.  It  makes 
a  nearly  watertight  joint,  so  that  there  is  hardly  a  drop  of  water 
goes  into  the  wheel  pits  through  the  gratings.  That  state  of 
things  continues  for  anight  or  so,  or  until  the  surface  of  the  basin 
is  covered  with  ice,  and  then  we  are  free  from  the  trouble  to  our 
wheels  for  the  remainder  of  the  winter.  During  most  of  the  winter 
time,  however,  the  frasil  will  flow  with  the  current  into  the  en- 
trance of  our  aqueduct  from  the  Lachine  Rapids,  and  it  thus 
interferes  with  the  flow  of  the  water. 

It  has  certain  distinguishing  features  from  anchor  ice,  although 
just  at  the  moment  I  cannot  explain  them.  We  have  had  con- 
siderable discussion  on  the  subject,  and  there  are  certain  theories 
about  the  formation  of  this  ice,  but  of  course  I  have  only  spoken 
of  the  practical  side  or  of  the  troubles  it  occasions.  The  name 
of  it  here  is  frasil,  or  slush  ice ;  the  old  river  men  have  always 
called  it  frasil. 

Mr.  Leonard  Metcalf.  I  would  like  to  ask  whether  you 
have  had  any  trouble  with  electrolysis  on  your  pipe  system,  from 
the  trolley  lines. 

Mr.  Lesage.  We  have  had  a  little  trouble  with  electrolysis,. 
but  not  to  any  great  extent.  We  have  had  it  only  in  the  near 
neighborhood  of  our  street  railway  power  house,  on  one  or  two 
streets.  Our  trolley  system  is  pretty  well  safeguarded,  I  believe 
with  return  conductor  wires,  and  probably  that  is  one  reason 
why  we  have  not  had  more  interference  on  that  score. 

Mr.  Metcalf.  Is  the  trouble  on  the  service  pipes  or  on  the 
mains? 

Mr.  Lesage.  We  have  it  especially  on  the  mains.  The  power 
house  is  situated  about  300  yards  from  the  canal,  and  they  take 
water  therefrom  for  condensing  purposes  through  two  24-inch 
mains  which  run  very  close  to  one  of  our  6-inch  water  pipes,  and. 
we  have  had  more  trouble  with  that  pipe  than  with  any  other. 
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The  pipes  running  into  the  power  house  seem  to  act  as  storage 
batteries,  I  suppose,  and  we  get  the  full  benefit  of  it  on  this  6-inch 
pipe.  Aside  from  that  we  haven't  had  much  difficulty.  Our 
service  pipes  are  very  little  affected,  except  those  in  close  prox- 
imity to  the  power  house. 

Mr.  Kenneth  Allen.     What  hydrants  do  you  use  here? 

Mr.  Lesage.  They  are  an  adaptation  of  the  Matthews  style 
of  hydrant;  we  make  them  ourselves,  and  they  have  a  rather 
heavy  outside  casing  for  frost  protection  purposes. 

Mr.  Hammond.     At  what  depths  are  your  mains? 

Mr.  Lesage.  Generally  they  are  six  feet;  the  smaller  pipes, 
less  than  8-inch  diameter,  have  six  feet  on  top. 

Mr.  F.  W.  Dean.  I  presume  it  states  somewhere  in  the  paper 
what  the  source  of  the  electric  power  is  to  be  for  the  new  high- 
service  pump,  but  I  don't  remember  it,  and  therefore  I  will  ask 
the  question  as  being  the  easiest  way  to  find  out. 

Mr.  Lesage.  No;  it  is  not  stated  in  the  paper.  The  contract 
was  made  originally  with  the  Lachine  Rapids  HydrauHc  and 
Land  Co.,  but  since  that  time  all  the  electric  light  and  power 
companies  in  Montreal  have  been  merged  into  one,  and  all  are 
under  one  management  at  the  present  time.  We  have  a  five- 
years'  contract  with  them  to  supply  the  power. 

Mr.  Dean.     What  horsepower  will  be  required? 

Mr.  Lesage.     From  385  to  400. 

Mr.  Dean.     I  suppose  that  is  with  an  alternating  current? 

Mr.  Lesage.     Yes. 

Mr.  Dean.     What  voltage  is  to  be  used? 

Mr.  Lesage.  Twenty-two  hundred  volts.  I  beUeve  you  are 
going  to  have  a  paper  on  this  subject  later  on  by  Mr.  Pitcher, 
which  I  think  will  give  all  this  information. 

A  Member.     What  do  you  have  to  pay? 

Mr.  Lesage.  Owing  to  competition  at  the  time  we  got  advan- 
tageous rates.  As  our  plant  is  to  run  at  present  we  expect  to 
get  along  with  twelve  hours'  pumping,  and  we  figured  that  if  we 
ran  at  night  we  could  get  a  much  cheaper  rate  than  for  day 
running.  The  prices  offered  were  for  twelve  hours'  pumping 
for  the  required  amount  of  horsepower,  385  to  400,  at  a  flat  rate 
i)(  $26  per  horsepower: per  year  fgr  da^y  ruirming,^or  $20  for  night 
running,  and  we  took  the  night  running  rate,  that  is,  from   10 
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p.  M.  to  10  A.  M.  It  is  a  question,  however,  whether  we  will  be 
allowed  to  run  this  machinery  at  night.  The  pumping  station  is- 
in  a  strictly  residential  portion  of  the  city,  and  it  may  be  that 
the  residents  will  not  like  the  night  running,  especially  in  the 
summer  time. 

Mr.  Metcalf.  Can  you  tell  us  what  you  have  to  pay  here 
for  coal? 

Mr.  Lesage.  Up  to  last  year,  or  the  recent  rise,  a  year  or  a 
year  and  a  half  ago,  Ave  used  to  get  coal  for  S3. 25  to  $3.50,  but 
now  I  believe  we  are  paying  somewhat  over  $4  for  Cape  Breton 
or  Nova  Scotia  coal,  which  comes  by  water.  Of  course  imported 
by  rail  in  the  winter  time  it  is  more  expensive. 

Mr.  Metcalf.     You  mean  for  a  long  ton,  of  course? 

Mr.  Lesage.     No,  a  short  ton,  2  000  pounds. 

Mr.  Allen.  Do  you  know  how  your  coal  compares  with  the 
Pennsylvania  coal? 

Mr.  Lesage.  There  are  three  or  four  varieties  of  coal  which 
we  get,  and  I  could  not  say  about  any  particular  kind.  Some 
of  it  is  better  than  others.  There  have  been  comparisons  made 
between  our  coal  and  the  Southern  coal,  but  I  don't  know  that 
there  have  been  any  recent  comparisons,  and  I  cannot  state  any- 
thing definite  with  regard  to  the  coal  that  we  get  at  present. 

Mr.  Fuller.  I  suppose  that  your  works  are  more  than  self- 
supporting? 

Mr.  Lesage.  That  opens  up  a  pretty  large  question  in  Mon- 
treal. Our  water  rates  are  at  present  the  subject  of  considerable 
discussion.  We  have  what  we  call  the  water  rate  here,  a  gen- 
eral municipal  tax,  which  is  not  meant  to  be  the  price  of  water, 
but  is  generally  applied  for  street  cleaning  and  lighting,  fire' pro- 
tection, poHce  tax,  and  everything  else.  This  water  rate  is  based 
on  percentage  of  the  rental.  It  is  1\  per  cent,  of  the  assessed 
rental.  Take  a  property  on  a  good  residential  street,  for  example ; 
it  may  be  assessed  for  rental  of  $800  or  $1  000  yearly,  and  there 
will  be  perhaps  only  three  or  four  people  in  the  house,  and  the 
rate  will  be  1\  per  cent,  on  that  amount,  or  $60  or  $70  yearly 
water  rate;  while  down  in  the  poorer  portion  of  the  city,  where 
the  house  will  only  be  assessed  at  say  $120  a  year,  and  there  will 
be  perhaps  eight  or  ten  persons  in  it,  and  the  women  of  the  house 
may  take  in  washing  and  otherwise  use  perhaps  ten  times  as 
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much  water  as  is  used  in  the  uptown  house.  You  see  can  the 
difference  in  the  water  rates  that  they  pay.  It  weighs  heavily 
on  the  rich  man  and  lets  the  poor  man  off.  The  city,  however, 
has  been  accused  of  making  too  large  a  profit  on  its  water,  which 
is  more  or  less  true,  but  of  course  the  management  of  the  water 
department  does  not  get  the  amount  of  money  which  is  collected. 

Mr.  Fuller.     Do  you  use  any  meters  at  all? 

Mr.  Lesage.  The  number  of  meters  is  somewhat  limited, 
about  1  100  of  all  sizes.  We  use  them  just  for  large  industrial 
establishments,  factories  and  such  like,  so  as  to  prevent  waste. 

Mr.  Hammond.     What  do  you  use  for  house  service  pipe? 

Mr.  Lesage.  Lead  pipe  altogether,  except  in  2-inch  we  use 
galvanized  iron. 

Mr.  p.  Kieran.  What  is  the  quality  of  the  water,  bacterially 
and  chemically? 

Mr.  Lesage.  It  varies  a  good  deal.  I  don't  know  that  we 
have  had  any  very  recent  analyses  made,  but  our  water  com- 
pares very  favorably  with  most  waters.  In  the  spring  of  the 
year  when  the  river  is  running  pretty  full  the  water  is  cloudy  and 
turbid.  Although  we  take  our  supply  from  the  St.  Lawrence 
River,  the  water  we  get  is  mostly  Ottawa  River  water.  As  you 
are  aware,  Montreal  is  on  an  island,  and  at  the  upper  extremity 
is  the  confluence  of  the  two  rivers,  the  Ottawa  and  the  St.  Law- 
rence; the  Ottawa  River  strikes  the  shore  of  the  island,  and  thus 
we  generally  get  Ottawa  River  water  at  the  intake  of  our  aque- 
duct. It  is  a  Kttle  less  hard  than  the  St.  Lawrence  River  water, 
and  a  little  more  highly  colored  with  vegetable  matter.  There 
are  certain  times  in  the  winter  when  a  short  stretch  of  water  at 
the  head  of  the  island  becomes  obstructed  by  ice,  and  probably 
for  a  month  or  six  weeks  all  the  Ottawa  River  water  comes  down 
at  the  back  of  the  island,  and  we  get  then  St.  Lawrence  River 
water  at  the  intake  of  our  aqueduct. 
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COVERING  THE   NATICK,  MASS.,   RESERVOIR  WITH   A 
CONCRETE  ROOF. 

BY   FRANK  L.   FULLER,  CIVIL   ENGINEER,   BOSTON,   MASS. 
[Read  September  10,  1903.] 

The  water  supply  for  the  town  of  Natick  was  introduced  in 
1874,  the  late  M.  M.  Tidd  being  engineer.  The  source  was  Dug 
Pond,  a  tributary  of  Lake  Cochituate,  situated  about  one  mile 
southwesterly  from  the  business  center  of  the  town.  The  water 
was  pumped  into  an  open  reservoir  on  Broad's  Hill  in  the  easterly 
part  of  the  town. 

The  reservoir  does  not  appear  to  have  been  originally  well  built, 
for  in  1876  the  bank  on  the  west  side  gave  way,  and  it  was  entirely 
emptied.  The  break  was  repaired  by  the  town  at  an  expense  of 
$645.90. 

In  regard  to  the  paving  on  the  inside  slo^^es,  the  superintendent 
says  in  his  report  for  1878:  "  The  slopes  inside  are  a  continual 
source  of  trouble,  and  will  be  till  they  are  either  paved  with  granite 
blocks,  with  granite  chips  underneath  to  prevent  wash  and  growth 
of  weeds  and  grass,  or  that  the  small  stones  which  are  there  should 
be  laid  in  cement  grout  to  make  them  water-tight,  thus  prevent- 
ing the  water  from  becoming  roily  at  every  high  wind."  In  his 
report  for  the  year  1883  the  superintendent  says:  "  There  is  one 
source  of  trouble  which  should  be  remedied,  that  is,  the  growth 
of  weeds  on  the  bottom,  —  which  is  very  filthy,  —  which  .has 
bec(jme  rooted  so  that  it  grows  very  heavily  and  quickly  when 
the  water  is  warm,  and  causes  it  to  taste.  This  can  be  overcome 
by  cementing  the  bottom,  which  would  save  the  expense  in  a  few 
years,  as  it  takes  about  three  days  to  clean  it,  with  a  number  of 
men,  which  could  be  done  in  as  many  hours  if  the  above  sugges- 
tion were  carried  out." 

Nothing  was  done  in  this  connection  until  1902,  during 
which  year  the  work  described  in  this  paper  was  completed. 

In  1886  the  sum  of  $71.66  was  expended  in  cleaning  the  reser- 
v^oir. 
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At  the  annual  meeting  in  1890  the  town  authorized  the  water 
commissioners  to  "  repair  and  enlarge  the  reservoir."  This  was 
done  by  day  labor  under  direction  of  the  superintendent,  the 
contract  for  paving  stone,  broken  stone,  and  cement  being  awarded 
to  the  lowest  bidder.  The  old  slope  paving  was  removed  to  within 
about  5  feet  of  the  bottom,  and  used  in  building  a  core  wall  through 
the  reservoir  embankment.  The  new  paving  consisted  of  granite 
blocks  1  foot  wide,  about  7  inches  in  depth,  and  averaging  about 
18  inches  in  length,  laid  on  5  inches  of  broken  stone  placed  upon 
the  old  bank.  The  paving  blocks  were  laid  in  cement  mortar  of 
good  quality,  as  indicated  by  the  difficulty  in  removing  the  stone 
at  the  points  where  piers  of  the  outer  row  were  to  be  built.  Only 
on  the  southerly  side,  at  about  the  elevation  of  high  water,  where 
the  effect  of  waves  and  ice  was  the  greatest,  were  any  open 
or  poor  joints  found.  No  settlements,  except  some  very  sUght 
ones  along  the  line  mentioned,  were  discovered.  The  work  is  a 
credit  to  the  late  Mr.  J.  W.  Morse,  at  that  time  superintendent  of 
the  Natick  Water  Works  and  for  some  years  a  member  of  this 
Association,  and  to  the  workmen  under  him.  (See  Plate  I,. 
Fig.  1.) 

At  this  time  the  embankment  was  raised  2  feet,  and  high  water 
level  3^  feet,  in  order  to  furnish  a  better  supply  at  the  residence 
of  Mr.  H.  S.  Hunnewell,  situated  near  the  Wellesley  line. 

As  originally  built,  the  reservoir  was  17  feet  deep,  high  water 
being  considered  as  14  feet  above  the  bottom,  or  3  feet  below  the 
top  of  the  embankment.  After  the  height  of  the  embankment 
was  increased  the  reservoir  was  19  feet  deep,  and  high  water  was 
fixed  at  17^  feet  above  the  bottom,  or  H  feet  below  the  top  of 
the  embankment. 

*  The  original  paving  was  of  small  stones,  except  at  the  bottom, 
where  those  forming  the  footing  course  were  of  good  size.  The 
portion  within  five  feet  of  the  bottom,  which  was  allowed  to  remain, 
was  pointed  with  Rosendale  cement,  and  presents  a  fairly  smooth 
and  even  appearance.  The  core  wall  was  built  by  excavating  a 
trench  near  the  center  of  the  embankment  and  filhng  it  with  the 
stone  which  formed  a  portion  of  the  original  slope  paving,  laid 
in  mortar  probably  composed  of  Rosendale  cement  and  sand. 
The  wall  probably  extends  somewhat  below  the  original  surface 
of  the  ground.     On  a  plan  made  by  Mr.  Tidd,  dated  February, 
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Fiu.  1.  — Reservoir  before  Construction  of  Koof  was  begun. 


Fig.  2.  —  Kkmoving  Forms  for  Piers. 
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1890,  a  section  at  a  point,  probably  on  the  westerly  side,  and  near 
the  southwest  corner  of  the  reservoir,  shows  the  wall  as  1.5  feet 
thick  at  the  top  and  2.5  at  the  bottom  and  8.0  feet  high.  Its 
top  is  shown  as  1.5  feet  below  the  new  top  of  the  reservoir  bank, 
and  it  extends  1.5  feet  below  the  old  surface  at  that  point. 

Whether  the  wall  was  built  according  to  this  plan,  the  writer  has 
no  means  of  knowing.  At  the  point  where  a  cut  was  made  through 
the  embankment  for  the  entrance  of  the  new  18-inch  force  main, 
the  bottom  of  the  core  wall  is  about  3.5  feet  above  the  bottom  of 
the  reservoir,  and  about  4.8  feet  thick.  The  new  force  main  is 
15.17  feet  north  of  the  old  12-inch  main,  and  the  thickness  and 
depth  of  the  core  wall  at  the  point  mentioned  may  be  due  to  its 
proximity  to  the  old  force  main. 

Until  the  laying  of  the  new  force  main  the  reservoir  had  no 
overflow  or  waste  pipe,  and  on  one  occasion  the  water,  due  to 
excessive  pumping,  overflowed  the  bank.  No  especial  damage 
was  done,  however.  The  engineer  had  only  his  pressure  gage  to 
rely  on,  which  is  not  sufficient,  especially  where  there  is  not  an 
overflow  pipe  of  good  capacity. 

The  new  granite  paving  extended  entirely  to  the  top  of  the 
embankment,  and  the  inside  edge  of  the  reservoir  at  the  top  is 
practically  rectangular,  with  rounded  corners  of  about  38.5  feet 
radius.     (See  Fig.  1.) 

The  average  inside  dimensions  of  the  reservoir  at  the  top  are 
217.0  feet  from  east  to  west,  and  212.0  feet  from  north  to  south. 
The  corresponding  figures  for  the  bottom  are  159.8  and  154.3 
feet. 

The  area  within  the  top  of  the  slope  paving,  which  is  the  area 
of  the  top  of  the  concrete  roof,  is  44  730  square  feet,  and  the  area 
at  the  bottom  is  24  570  square  feet. 

The  capacity  of  the  reservoir  before  covering,  with  high  water 
17.22  feet  above  the  bottom,  was  4  340  000  gallons.  With  the 
same  high  water,  it  is  now  4  280  000  gallons 

A    NEW    WATER    SUPPLY. 

For  several  years  the  water  supplied  from  Dug  Pond  had  been 
of  poor  quality  and  insufficient  in  ciuantity.  The  water  often  had 
a  disagreeable  taste  or  odor,  especially  in  hot  w^eather  and  some- 
times in  winter. 
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The  pumping  station  was  situated  upon  an  arm  of  the  pond, 
into  which  a  brook  *  which  drains  a  part  of  the  thickly  settled 
portion  of  the  town  empties.  The  water  of  this  brook  was  badly 
polluted,  especially  before  the  construction  of  the  sewerage  sys- 
tem in  1896- 

The  town  had  for  some  time  been  advised  by  the  State  Board  of 
Health  to  secure  a  new  supply,  and,  in  the  spring  of  1902,  appro- 
priated $150  000  to  be  expended  in  obtaining  such  a  supply, 
building  a  new  pumping  station,  installing  a  new  high-duty  pump- 
ing engine,  laying  a  new  18-inch  cast-iron  force  main  from  the  new 
pumping  station  to  the  reservoir,  and  covering  a  part  or  the  whole 
of  the  existing  distributing  reservoir. 

Tests  made  by  Mr.  Percy  M.  Blake,  C.E.,  in  1899  or  1900,  es- 
tabUshed  the  fact  that  a  supply  of  ground  water,  probably  amply 
sufficient  for  the  needs  of  the  town,  could  be  obtained  upon  land 
owned  by  the  town,  situated  on  the  borders  of  Lake  Cochituate  on 
the  southerly  side  of  Worcester  Street. 

The  adoption  of  this  supply,  and  the  now  almost  universally 
recognized  necessity  of  storing  ground  water  in  covered  reservoirs, 
made  the  addition  of  a  roof,  or  covering,  to  the  existing  open 
reservoir  almost  imperative.  Late  in  the  spring  of  1902  surveys 
were  made,  plans  and  specifications  prepared,  and  proposals  asked 
for  the  various  items  of  work  to  be  done,  except  the  pipe  laying, 
which  was  done  by  the  day  by  townspeople  under  direction  of  Mr, 
George  W.  Travis,  Superintendent  of  the  Natick  Water  Works 
and  member  of  this  Association. 

CONSIDERATION    OF    METHODS     TO     BE     ADOPTED. 

Considerable  time  was  spent  in  studying  the  open  reservoir 
and  its  condition  and  the  best  way  of  securing  the  desired  result. 
It  was  at  first  thought  that  it  might  be  sufficient  and  less  expen- 
sive to  cover  only  one-half  of  the  reservoir,  but  this  would  require 
the  construction  of  a  heavy  cross  wall,  sufficient  to  resist  the 
pressure  of  a  depth  of  about  eighteen  feet  of  water  on  one  side 
only.  The  expense  of  this  wall  would  pay  a  large  part  of  the  cost 
of  covering  the  other  half  of  the  reservoir. 

The  question  also  arose  whether  the  slope  paving  should  not 

*  This  brook  was  originally  a  branch  of  Pegan  Brook,  but  had  been  diverted  into  Dug 
Pond  before  the  city  of  Boston  acquired  Lake  Cochituate  and  Dug  Pond  in  1847. 
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be  removed,  a  portion  of  the  inner  slope  excavated,  and  a  heavy- 
masonry  wall  built  on  the  four  sides,  from  which  the  covering 
arches  should  spring. 

Approximate  computations  and  a  careful  consideration  of  the 
subject  led  to  the  adoption  of  the  method  of  covering  about  to  be 
described. 

On  careful  examination  the  slope  paving  was  found  to  be  of 
such  excellent  quahty,  and  the  banks  so  hard  and  compact,  that  it 
was  considered  safe  to  allow  the  concrete  arches  to  abut  directly 
upon  the  slope  paving.  This  would  save  a  large  expense  in  remov- 
ing the  slope  paving  and  excavating  part  of  the  bank  and  build- 
ing expensive  retaining  walls,  which  seemed  unnecessary. 

The  covering  of  the  entire  reservoir  would  give  the  town  the 
advantage  of  a  4  000  000  instead  of  a  2  000  000-gallon  reservoir. 
Moreover,  the  appearance  of  the  reservoir  entirely  covered 
would  be  much  better  than  it  would  with  one-half  covered  and 
one-half  open,  even  if  the  second  half  were  filled  with  water. 

It  Avas,  therefore,  decided  to  cover  the  entire  reservoir,  and  the 
completed  work  fully  justifies  the  course  taken. 

DESIGN    OF    PIERS    AND    ROOF. 

From  the  beginning  it  was  assumed  that  a  large  number  of 
piers  would  be  required.  Whether  a  system  of  Hntel  arches  be- 
tween piers  and  parallel  segmental  circular  covering  arches,  or 
groined  elhptical  arches,  should  be  used,  was  considered.  The  less 
cost  of  concrete,  as  compared  with  brickwork,  and  the  possibiUty 
of  its  erection  by  unskilled  labor,  made  its  use  desirable  wherever 
possible.  Groined  elliptical  arched  vaulting  can  easily  be  con- 
structed of  concrete,  and  is  economical  in  material.  In  the  case 
of  lintel  arches  and  segmental  circular  covering  arches,  the  hntel 
arches  and  the  filling  over  them  would  be  almost  of  necessity  of 
brick.  The  centering  for  the  groined  arch  vaulting  is  probably 
more  expensive  than  that  required  for  the  circular  covering 
arches.  Taking  all  things  into  consideration,  however,  the 
groined  elliptical  arch  method  of  covering  was  adopted.  The 
specifications  were  so  drawn  that  brick  or  concrete  piers  could 
be  used. 

The  price  bid  by  Mr.  F.  A.  Snow,  whose  proposal  was  the 
lowest,  was  $9.50  per  cubic  yard  for  concrete  and  $14.00  for  brick 
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])iers.     Concrete  was,  therefore,  adopted,  the  saving  to  the  town 
thereby  being  $1  828  80. 

Thirteen  rows  of  piers,  with  13  in  a  row,  or  169  in  all,  spaced 
15  feet  2  inches  on  centers,  were  adopted  for  supporting  the  roof. 
The  reservoir,  as  before  mentioned,  was  not  exactly  rectangular, 
but  the  piers  were  arranged  so  that  the  four  lines  boiniding  the 
outside  of  the  system  of  piers  formed  an  exact  square,  183  feet 
8  inches  on  each  side. 

In  this  rectangular  system  of  piers  the  number  of  rows  was 
such  as  to  make  it  necessary  that  only  the  outside  rows  of  piers 
should  be  built  into  the  inner  slopes  of  the  reservoir.    (See  Fig.  1.) 

Ribs  of  different  lengths  were  required  in  the  centering  between 
the  outer  rows  of  piers  and  the  slope  paving,  according  to  the 
slightly  varying  dimensions  of  the  reservoir.  (See  Plate  IV,  Figs. 
1  and  2.) 

The  piers  and  their  foundations,  located  within  the  foot  of 
the  slope,  have  the  following  dimensions:  Pier  foundations  are 
3  feet  by  3  feet  by  1  foot  6,  inches  deep,  the  top  of  the  foundation 
being  at  the  level  of  the  under  side  of  the  4  inches  of  concrete  cover- 
ing the  bottom.  The  first  section  above  the  foundation  is  2  feet  4 
inches  by  2  feet  4  inches,  with  a  height  varying  from  1  foot  6  inches 
to  2  feet  6  inches.  The  tops  of  these  sections  are  all  at  the  same 
elevation,  which  is  1  foot  6  inches  above  the  bottom  of  the  reser- 
voir at  the  outer  edge.  As  the  reservoir  bottom  has  a  uniform 
slope  from  the  outer  edge  to  the  center,  where  the  bottom  is  1  foot 
lower,  it  will  be  seen  that  the  length  of  this  section  varies  accord- 
ing to  its  location. 

The  second  section  above  the  foimdation  is  2  feet  by  2  feet  by 
1  foot  6  inches. 

The  third,  or  upper  section,  is  1  foot  8  inches  by  1  foot  8  inches 
by  12  feet  5f  inches. 

In  the  four  outer  rows  of  piers  the  foundations  were  carried 
below  the  original  surface  of  the  ground,  and  were  generally  of 
larger  horizontal  and  vertical  dimensions.  The  length  of  the 
other  sections  varied  according  to  circumstances. 

The  elliptical  arches  used  in  the  design  of  the  roof  have  a  span 
of  13  feet  6  inches  and  a  rise  of  2  feet  9  inches.  The  thickness 
of  the  concrete  roof  at  the  crown  is  6  inches  and  over  the  piers 
3  feet  3  inches. 


390  COVERING   THE    NATICK    RESERVOIR. 

The  top  of  the  concrete  roof  is  level  with  the  average  top  of 
the  slope  paving  at  its  upper  inside  edge,  and  extends  to  it. 

CONSTRUCTION. 

Concrete  alone  was  used  in  foundations,  piers,  and  roof.  The 
specifications  provided  that  the  concrete  used  should  be  of  either 
the  Alpha,  Atlas,  Iron  Clad,  Lehigh,  Vulcanite,  or  Brooks-Shoo- 
bridge  brand. 

Of  these  the  following  amounts  were  used :  Atlas,  2  200  barrels ; 
Brooks-Shoobridge,  200  barrels;  also  200  barrels  of  Alsen's 
American  Portland,  making  2  600  barrels  in  all. 

The  concrete  was  to  be  composed  of  1  part  of  cement,  by  measure, 
2n  parts  of  sand,  and  4^  parts  of  broken  stone  or  screened  gravel. 
The  sand  and  stone  were  to  be  of  acceptable  quality.  Mr.  Snow 
decided  to  use  screened  gravel.  This  and  the  sand,  which  were 
from  the  same  pit,  were  of  excellent  quahty,  the  sand  being  coarse, 
clean,  and  sharp.  The  concrete  was  mixed  by  hand  and  quite 
wet.  As  carried  in  a  wheelbarrow  there  was  usually  a  thin  layer 
of  water  over  it.  But  little  difficulty  was  had  in  filling  all  voids, 
and  on  removing  the  centers  but  little  porous  or  defective  work 
was  found,  due,  it  is  believed,  in  a  considerable  degree,  to  the  wet 
condition  of  the  concrete,  which  could  be  easily  rammed  into  place. 

Work  was  begun  at  the  southeast  corner  and  progressed  from 
east  to  west,  the  northwest  corner  being  the  finishing  point.  The 
mixing  platform,  until  the  piers  were  finished,  was  at  the  top  of 
the  bank  at  the  southwest  corner. 

Excavations  of  the  proper  size  were  made  in  the  bottom  for 
the  pier  foundations  and  grade  marked  for  the  top  of  the  concrete. 
The  wet  concrete,  with  the  aid  of  a  little  tamping  or  cutting  with 
a  shovel,  entirely  filled  the  hole,  and,  what  is  of  considerable  im- 
portance, the  top,  when  set,  was  perfectly  level  and  smooth,  ready 
for  the  forms  for  the  next  section. 

For  foundations  of  this  character,  good  concrete  has  much  to 
recommend  it. 

The  forms,  or  bottomless  boxes,  as  they  might  be  called,  for  the 
2  foot  4  inch  by  2  foot  4  inch  sections,  were  placed  upon  the  con- 
crete foundations  and  set  in  line  one  way,  by  a  transit  instrument. 
The  box  was  placed  as  nearly  in  position  as  possible  on  the  other 
line  by  the  eye.     Two  stakes  were  then  driven  into  the  ground  on 
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each  side  of  the  box,  so  that  pieces  of  2-inch  by  1-inch  furring 
would  rest  on  the  top  of  the  stakes  and  against  the  sides  of  the 
boxes.  The  furring  being  nailed  to  the  tops  of  the  stakes  acted  as 
guides,  between  which  the  boxes  could  slide  a  short  distance  either 
way.  The  middle  box  was  then  centered  by  setting  the  instru- 
ment over  the  center  hne  of  the  reservoir,  at  right  angles  to  the 
line  first  given.  Then  by  means  of  a  steel  tape  attached  to  the 
middle  box  at  a  point  on  the  center  line  of  the  reservoir,  marked 
upon  the  side  of  the  box,  the  remaining  boxes  were  pushed  or 
driven  in  the  proper  direction,  between  the  guides,  till  each  was 
at  the  correct  distance  from  the  center.  Two  additional  pieces 
of  furring,  one  on  either  side  of  the  box,  were  then  laid  upon  the 
guides  and  at  right  angles  to  them  and  pressed  close  to  the  box. 
They  were  then  nailed  to  the  guides,  securing  the  box  or  form  in 
position. 

Grade  for  the  top  of  the  section,  which  was  the  same  elevation 
at  all  the  piers,  was  then  marked  on  the  inside  of  the  boxes,  and 
they  were  ready  for  filhng  with  concrete. 

The  two  center  hues,  or  axes  of  the  reservoir,  had  been  care- 
fully established,  both  on  the  bottom  and  on  the  top  of  the  reser- 
voir bank.  From  these  the  center  Hne  of  each  row  of  piers  had 
been  accurately  fixed  by  stakes  in  the  bank  at  the  top.  By  set- 
ting an  instrument  over  a  stake  and  sighting  to  the  corresponding 
one  on  the  opposite  side  of  the  reservoir,  line  for  that  particular 
row  of  piers  could  be  easily  given  with  certainty  that  it  was 
correct.  Great  care,  of  course,  was  necessary  with  the  tape 
measurements  that  the  piers  might  be  properly  spaced  upon  the 
fine  given  by  the  transit  instrument. 

The  forms  for  the  2  foot  by  2  foot  by  1  foot  6  inch  sections: 
were  set  in  the  same  manner,  generally  before  the  forms  for  the 
section  below  had  been  removed,  as  the  upper  form  could  be 
secured  in  place  by  cleats  nailed  to  the  lower.  In  a  day  or  two, 
or  when  needed,  the  lower  form  could  be  removed,  leaving  the 
upper  one  to  be  removed  at  the  proper  time. 

The  forms  for  the  upper,  or  1  foot  8  inch  by  1  foot  8  inch  by 
12  foot  5f  inch  section  of  the  piers,  were  raised  into  place  upon 
the  top  of  the  2  foot  by  2  foot  section,  by  resting  one  end  upon 
the  top  of  the  completed  section  and  the  other  on  a  cement  bar- 
rel placed  opposite  the  pier.     By  means  of  a  rope  attached  to  the 
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upper  end,  two  or  three  men  upon  a  run  or  platform  at  the  level 
of  the  top  of  the  finished  pier,  with  the  help  of  a  few  men  below% 
could  easily  pull  it  into  a  vertical  position. 

The  bottom  of  the  form  was  then  easily  adjusted,  by  the  eye, 
upon  the  top  of  the  2  foot  by  2  foot  section,  as  the  outside  of  the 
upper  form  was  of  the  same  dimensions  as  the  top  of  the  concrete 
section  upon  which  it  was  to  rest.  The  bottom  of  the  form  was 
then  secured  in  place,  generally  by  means  of  2  inch  by  3  inch 
pieces,  nailed  or  spiked  on  either  side,  from  form  to  form,  extend- 
ing from  the  east  to  the  west  slope  of  the  reservoir. 

The  bracing  at  right  angles  to  the  line  of  piers  being  built  was 
generally  by  two  pieces  of  2  inch  by  3  inch  spruce,  spiked  to 
the  form  directly  south,  or  if  that  form  had  been  removed,  by 
iDracing  from  the  lower  pier  sections  on  either  side. 

The  tops  were  then  put  in  line  one  way  by  the  instrument  and 
spaced  by  tape  measurement  nearly  in  the  same  way  as  in  the 
case  of  the  2  foot  4  inch  by  2  foot  4  inch  sections  already  described. 

The  tops  were  secured  in  place  one  way  by  2  inch  by  3  inch  pieces 
spiked  to  the  form  to  the  south,  or,  if  that  had  been  taken  down, 
by  a  long  2-inch  plank  on  either  side,  abutting  against  the  lower 
section  of  the  pier  to  the  north  and  that  to  the  south.  The  bracing 
in  an  east  and  west  direction  was  the  same  as  at  the  bottom. 

A  timber  platform  or  run  at  the  level  of  the  top  of  the  piers, 
supported  on  sill  pieces  resting  on  the  bottom,  furnished  the  means 
of  reaching  the  top  of  the  form  from  the  mixing  platform  with 
wheelbarrows. 

The  concrete  was  dumped  from  the  top  into  the  long  forms. 
By  putting  the  20-inch  pieces  into  the  front  of  the  form  at  the 
bottom  only  as  fast  as  it  was  filled,  as  explained  under  "  Center- 
ing/' an  opportunity  was  had  to  ram  the  concrete  and  also  to 
keep  stones  away  from  the  sides  of  the  forms  by  means  of  a  spade. 
This  precaution  prevents  the  stone  from  showing  on  the  surface 
of  the  pier  and  gives  it  a  smoother  and  more  finished  appearance. 

The  run,  or  longitudinal  platform,  extending  in  an  easterly 
and  westerly  direction,  could  be  moved  northerly  with  bars  by 
men  stationed  along  the  length  of  it,  in  the  same  way  that  a  rail- 
road track  is  often  moved  laterally.  After  one  row  of  piers  had 
been  built  by  means  of  it,  it  was  moved  northerly  one  space,  or 
about  fifteen  feet,  and  an  additional  row  built. 
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The  mininmin  time  allowed  before  the  forms  for  piers  were 
removed  was  about  four  days.  Generally  they  were  allowed  to 
stand  longer. 

The  concrete  for  the  roof  was  usually  put  on  in  sections  30 
feet  4  inches  wide,  the  joint  being  along  the  crown  of  the  arch. 
A  6  inch  by  6  inch  spruce  timber  was  laid  along  this  line,  and  the 
concrete  left  flush  with  its  upper  surface. 

The  minimum  time  allowed  for  the  removal  of  roof  centers, 
after  the  concrete  had  been  put  on,  was  ten  days.  In  some  in- 
stances the  centers  remained  in  place  two  weeks  or  longer,  or  until 
they  were  needed  for  another  portion  of  roof,  or  in  other  cases  until 
it  was  desirable  to  remove  the  supports  for  the  purpose  of  concret- 
ing the  bottom. 

A  small  amount  of  excavation  was  necessary  on  the  bottom, 
and  the  material  removed  was  thrown,  by  successive  lifts,  to  the 
Toof  and  spread  over  the  concrete,  protecting  it  from  too  rapid 
drying.  In  addition  to  this  an  amount  sufficient  to  make  in  all  a 
thickness  of  about  one  foot  was  taken  from  a  borrow  pit  on  the 
north  side  of  the  reservoir. 

It  was  intended  to  cover  the  concrete  roof  to  a  depth  of  two 
feet,  but  before  this  could  be  done  the  borrow  pit  became  so 
frozen  that  only  about  one  foot,  as  before  mentioned,  could  be 
obtained,  and  the  remainder  was  not  put  on  till  the  following 
spring. 

A  few  fine  cracks  appeared  on  the  upper  surface  of  the  concrete, 
generally  over  the  piers.  It  was  thought  that  they  were  pro- 
duced by  a  slight  yielding  of  the  centers  at  some  point  between 
the  piers.  When  it  is  remembered  that  the  concrete  supported 
by  each  pier  weighs  15  tons,  and  that  before  it  is  set  its  weight  is 
-entirely  on  the  centering,  it  is  not  surprising  that  a  very  slight  set- 
tlement, sufficient  to  form  cracks  around  the  unyielding  pier, 
should  take  place.  In  no  case  were  they  thicker  at  the  surface 
than  a  penknife  blade,  and  appeared  thinner  below.  Sometimes 
Uquid  grout  was  poured  over  them,  which  filled  them,  and  they 
were  not  noticed  again.  In  no  case  did  they  increase  appreciably 
in  size  after  discovery. 

Very  cold  weather-  occurred  suddenly  on  December  9,  1902. 
The  concrete  roof  was  entirely  built,  except  a  portion  about  15  by 
25  feet  on  the  west  side  over  the  new  18-inch  inlet  and  outlet  pipe. 
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The  thermometer  dropped  to  10  degrees  below  zero  outside  the 
reservoir.  Some  frost  formed  on  the  inside  of  the  roof,  adjoining 
the  opening,  and  the  bottom  was  sHghtly  frozen.  The  opening 
was  covered  with  a  large  piece  of  canvas  and  boards,  and  it  is  not 
known  that  any  damage  was  done. 

All  centers  not  needed  to  close  the  opening,  and  all  waste 
material,  were  removed  through  this  opening  and  the  last  centers 
put  in  place. 

January  3,  1903,  the  weather  being  suitable,  the  last  concrete 
on  the  roof  was  put  in  place  and  covered  to  protect  it  from  freez- 
ing. On  January  13  the  centers  were  removed  and  the  roof  was 
completed. 

In  the  meantime,  four  inches  of  concrete  was  being  placed 
on  the  bottom,  including  a  finishing  coat  of  American  Portland 
cement  and  sand.  The  temperature  in  the  reservoir  was  just 
above  freezing,  as  shown  by  the  following  figures: 


DaU. 

Temperature. 

Date. 

Temperature. 

Dec.  11,1902.     . 

.     .     30° 

Dec.  29,  1902  .     . 

...     34° 

„      22,     „      .     . 

.     .     36° 

,,      30,     „      .     . 

...     35° 

„      24,     .,      .     . 

.     .     36° 

Jan.     1,1903.     . 

...      34° 

„      25 

.     .     36° 

2,      „     .     . 

...     35° 

,,      25,     „      .     . 

.     .     35° 

M      12,      „     .     . 

...     34" 

M      27,     „      .     . 

.     .     34° 

On  January  16,  1903,  the  sides  and  bottom  were  thoroughly 
washed  by  means  of  a  stream  from  a  fire  hose  attached  to  a  con- 
nection in  the  bottom  of  the  reservoir,  water  being  furnished  by 
direct  pumping.  The  dirty  water  flowed  off  at  the  center  of  the 
reservoir  through  the  new  8-inch  waste  pipe. 


FORMS   AND    CENTERS. 

The  forms  for  the  lower  sections  of  the  piers  were  of  2-inch 
spruce  plank,  planed  on  the  inside,  the  grain  being  horizontal. 
They  were  spiked  together  permanently  at  two  corners,  securing 
three  of  the  four  sides  together.  The  remaining  side,  a  short 
one,  was  prevented  from  falHng  outward  by  a  piece  of  furring, 
shghtly  nailed,  at  either  end,  to  a  2  by  3  inch  piece  permanently 
spiked  to  either  side  of  the  form,  near  the  top.  At  the  bottom, 
on  the  lower  sections,  the  end  piece  abutted  against  the  piece  of 
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furring  nailed  to  the  guides  previously  mentioned.  With  the  2 
feet  by  2  feet  sections,  the  same  method  was  used  at  the  top,  and 
a  cleat,  nailed  to  the  form  below,  prevented  the  remaining  side 
or  end  piece  from  falling  outward.  The  pieces  of  furring  were 
easily  detached  by  a  hammer,  when  the  forms  could  be  spread 
and  drawn  off  the  section  of  concrete. 

The  forms  for  the  long  section  of  the  pier  were  also  of  2-inch 
spruce  plank,  planed  on  the  inside,  the  grain  being  vertical. 
Three  sides  were  spiked  together  permanently.  Planks  10  and  12 
inches  wide  were  used,  4  lengths  of  the  12-inch  and  2  of  the  10-inch 
being  required  to  make  the  permanent  portion.  In  addition  there 
were  enough  pieces,  20  inches  long  and  2  inches  in  thickness,  to 
make  their  combined  width  equal  the  height  of  the  form.  What 
might  be  called  the  sides  of  the  form  were  composed  of  the  planks 
12  inches  wide;  and  the  back,  of  the  planks  10  inches  wide.  On 
the  front  of  each  side  a  2  by  3  inch  piece,  extending  the  length 
of  each  form,  was  spiked  flatwise  to  the  front  of  each  of  the  side 
planks;  ene  of  the  2-inch  edges  being  flush  with  the  outside  of 
the  form,  the  other  projecting  1  inch  beyond  the  inside  of  the 
form.  This  formed  a  lip  which  prevented  the  pieces  20  inches 
long  from  falling  out.  They  were  put  in  place  with  the  ends 
pressed  against  the  hps.     (See  Plate  II,  Fig.  1.) 

This  allowed  the  concrete  to  be  rammed  as  it  was  put  in, 
and  not  from  the  top,  which  would  have  been  very  -difficult. 
What  might  be  called  ramming  was  done  with  a  spade,  and 
consisted  in  keeping  the  coarser  material  away  from  the  sides 
of  the  form.  The  concrete  was  so  wet  that  it  needed  but  little 
ramming. 

To  resist  the  outward  pressure  of  the  concrete,  the  forms  were 
clamped  by  short  pieces  of  joist  drawn  together  by  iron  rods- 
having  nuts  and  washers.  When  the  forms  were  to  be  removed, 
the  clamps  were  unbolted  and  removed,  the  form  pried  open  on 
the  front  sufficiently  to  allow  the  projecting  inch  of  the  2  by  3 
inch  piece  on  each  side  to  pass  the  concrete.  The  form  was  then 
pushed  away  from  the  pier,  generally  at  the  top  first,  and  finally 
taken  down.  Usually  a  man  went  to  the  top  of  the  pier,  and 
with  a  small  iron  bar  pried  the  form  away  from  the  concrete. 

The  centering  for  the  roof  between  any  4  piers  consisted  of  four 
quarter  sections  (model  shown,  scale  1  inch  to  1  foot). 
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The  frame  was  of  one  length  of  3-inch  spruce  plank,  13  feet  6 
inches  long  and  about  10  inches  wide,  which  was  the  widest  that 
could  be  obtained,  together  with  2  pieces  of  2-inch  plank  sup- 
ported by  the  first-named  piece  and  forming  a  sort  of  truss; 
also,  two  side  pieces  of  2-inch  plank  and  2  ribs  of  the  same 
thickness.  This  frame  was  lagged  with  1-ineh  matched  spruce, 
planed   on  top. 

A  full-sized  outline  on  heavy  sheathing  paper  was  made  of 
the  ellipse,  having  a  span  of  13  feet  6  inches  and  rise  of  2 
feet  9  inches.  This  represents  the  curve  of  the  arch  from  pier 
to  pier.  The  curve  representing  the  arch  from  pier  to  pier  on  a 
diagonal  line  was  also  drawn.  This  is  an  ellipse  of  the  same  rise 
and  a  span  of  19.09  feet.  Of  course  only  one-half  of  this  ellipse 
was  used. 

Curves  were  drawn  by  using  very  light  wire  having  sufficient 
strength,  with  as  little  liability  to  stretch  as  possible.  This  was 
found  to  be  the  great  difficulty,  and  several  attempts  had  to 
be  made  before  a  satisfactory  result  could  be  obtained.  The 
proper  length  of  wire  was  used,  the  ends  being  fastened  to  nails 
.at  points  representing  the  foci  of  the  ellipse  to  be  drawn. 

Other  methods  of  drawing  the  ellipse  might  give  a  little  greater 
accuracy,  but  the  one  used  was  the  simplest  and  probably  all  that 
was  needed.  Wooden  patterns  were  made  of  the  various  parts, 
and  the  lumber  to  form  the  centers  was  sawed  at  a  local  wood- 
working shop.  The  centers  were  put  together  at  the  reservoir  by 
carpenters. 

These  quarter  sections  could  be  easily  handled  by  four  or  five 
good  men. 

Four  4-inch  by  6-inch  spruce  uprights  were  placed  about  each 
pier,  upon  the  tops  of  which  were  placed  caps  not  less  than  2 
inches  in  thickness.  The  lower  ends  of  these  uprights  were 
supported  by  blocking,  resting  as  far  as  possible  on  the  pier 
foundations. 

At  the  center  between  the  piers,  where  the  four  quarter  sec- 
tions came  together,  a  6-inch  by  6-inch  spruce  upright  was  used, 
supported  at  the  bottom  ]jy  blocking.  (See  Plate  IV,  Figs.  1  and 
2,  and  Plate  V,  Fig.  1.) 

The  centers  rested  upon  wooden  wedges,  placed  upon  the  tops 
of  the  caps.     These  were  of  great  use  in  setting  the  centers  at  the 


PLATE    V. 


Fig.  1.  —  Staging  uskd  in  Removing  Ckntkks. 


Fig.  2.  —  Piers  and  Groined  Arches. 
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proper  elevation  and  in  taking  them  down.  A  leveling  instru- 
ment was  used  in  setting  the  centers  at  the  proper  elevation. 

Four  clamps,  each  made  of  two  pieces  of  2-inch  spruce  plank, 
a  4-inch  separating  piece,  and  a  |-inch  bolt  with  washers  and 
nut,  were  used  on  the  under  side  of  the  frame  of  the  centers, 
connecting  adjoining  quarter  sections  together  and  making  the 
four  sections  practically  one.     (See  Plate  III,  Fig.  2.) 

It  was  found  that  without  the  6-inch  by  6-inch  support  at  the 
center,  the  four  sections  thus  united,  and  supported  only  at  the 
four  corners  would  carry  a  considerable  load. 

The  |-inch  lagging  was  kept  1  inch  away  from  the  outside  edge 
of  the  2-inch  plank,  cut  to  form  the  curve  from  pier  to  pier,  form- 
ing the  13  foot  6  inch  span.  This  gave  opportunity  for  nailing  the 
20-inch  pieces  of  lagging  which  covered  the  space  between  one  of 
the  quarter  sections  and  the  one  nearest,  but  not  touching  it. 
(See  Plate  IV,  Fig.  1.)  These  lagging  pieces  were  secured  by 
small  nails,  sufficient  to  hold  them  in  place  while  the  concrete 
was  being  placed.  In  removing  the  centers  these  pieces  had  to 
be  detached,  and  were  usually  left  sticking  to  the  under  side  of 
the  arch  till  removed  by  a  blow"  from  a  hammer,  or  pried  off  with 
a  small  bar. 

When  the  centers  were  new,  the  concrete  did  not  stick  to  them, 
and  after  being  used  the  second  time  they  were  brushed  with, 
dead  oil,  which  seemed  to  facilitate  their  removal. 

The  4-inch  by  6-inch  uprights  were  braced  by  lines  of  2-inch 
plank,  extending  from  one  slope  to  the  opposite  one.  This  pre- 
vented the  upright  from  buckling,  and  also  furnished  support  for 
a  stage  used  to  great  advantage  in  placing  and  removing  the 
centers.  The  centers  were  put  together  upon  the  bank ,  and 
carried  over  those  already  placed  and  slid  down  to  the  staging  at 
the  desired  point. 

In  removal,  the  centers  were  simply  let  down  upon  the  stage 
and  carried  forward  to  their  new  position.  No  derrick  or  hoisting 
engine  was  used  for  any  part  of  the  work.     (See  Plate  V,  Fig.  1.) 

The  whole  number  of  quarter  sections  of  roof  centers  made  was 
185.  If  the  entire  roof  had  been  centered  at  once,  and  no  center 
used  twice,  624  quarter  sections  would  have  been  required,  in 
addition  to  special  work  necessary  between  the  regular  quarter 
sections  and  the  inside  slopes  of  the  reservoir. 
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DISCUSSION. 

Mr.  F.  W.  Dean.  It  has  occurred  to  me  that  the  concrete 
was  rather  rich  for  the  purpose  for  which  it  was  used,  and  I  would 
like  to  ask  Mr.  Fuller  if  he  could  not  have  made  it  less  rich. 

Mr.  Fuller.  Possibly.  The  piers  were  not  of  very  great  cross 
section,  the  load  on  them  was  quite  heavy,  between  eighteen 
and  nineteen  tons  to  the  square  foot,  at  the  bott jm,  —  I  sup- 
pose they  would  have  stood  more,  —  and  the  roof  was  only  6 
inches  in  thickness  at  the  crown.  At  the  time  the  roof  was 
covered  it  was  done  by  driving  on  to  it  with  2-horse  tip- 
carts  which  were  well  filled,  because  we  had  extra  power  for 
drawing  them  up  the  bank,  so  the  horses  could  draw  as  much 
as  could  be  piled  on  the  carts.  The  filHng  was  done  to  a  con- 
siderable extent  after  freezing  weather.  The  first  earth  that 
was  put  on  was  left  very  rough,  after  which  considerable 
rain  fell,  and  a  cold  spell  followed,  and  the  earth  froze  very 
rough  indeed.  A  plowed  field  would  not  be  as  rough  as  that 
surface  was,  and  as  those  teams  went  over  that  concrete, 
some  of  which  had  perhaps  not  been  placed  more  than  a  month, 
and  would  go  along  and  strike  a  hump  of  frozen  earth  and  come 
down  with  great  force,  I  felt  that  the  concrete  was  none  too 
rich.  It  seemed  to  me  as  though  at  times  the  teams  would 
surely  go  through,  but  none  of  them  did.  I  suppose  some- 
thing might  have  been  saved,  but  I  hardly  think  I  should  have 
wanted  to  make  the  concrete  any  less  rich.  It  really  seemed 
wonderful  that  six  inches  of  concrete  —  of  course  it  was  thicker 
on  either  side  of  the  crown  of  the  arch  —  it  seemed  almost  mar- 
velous that  that  concrete  could  stand  such  heavy  teaming  over 
it.  If  the  surface  had  been  smooth,  or  if  there  had  been  a  few 
inches  of  yielding  material  under  it,  it  would  have  been  differ- 
ent, but  it  was  frozen  solid  and  was  as  rough  as  it  could  be, 
and  yet  those  teams  drove  over  it  and  went  up  and  down  with 
very  heavy  loads  —  the  carts,  of  course,  having  no  springs  — 
without  apparently  making  any  impression  on  it. 

Mr.  Leonard  Metcalf.*  Mr.  President,  I  have  been  very 
much  interested  in  Mr.  Fuller's  paper  to-night,  as  I  have  followed 
with  great  interest  the  growing  use  of  the  groined  arch  as  a  cover- 
ing for  filters  and  .reservoirs,  and  the  developments  which  have 

*  Civil  Engineer,  Boston,  Mass. 
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taken  place  in  it  since  it  was  first  introduced  into  this  country 
by  Mr.  William  Wheeler  of  Boston,  a  member  of  this  Association, 
in  the  Ashland,  Wis.,  slow  sand  filter  plant  in  1895,  and  that  of 
Somersworth,  N.  H.,  in  1896. 

At  the  time  of  the  construction  of  the  latter  plant,  I  had  occa- 
sion to  figure  the  quantities  of  masonry  involved  in  this  roof,  and 
developed  a  series  of  mathematical  formulse  therefor,  which  was 
afterwards  amplified  and  presented  in  a  paper  before  the  Ameri- 
can Society  of  Civil  Engineers.* 

Thinking  that  the  matter  might  perhaps  l^e  of  more  than  pass- 
ing interest  to  the  members  of  this  Association,  I  have  prepared 
a  table  of  the  masonry  groined  arch  roofs  which  have  chanced 
to  come  to  my  notice,  giving  not  only  a  description  and  dimen- 
sions of  the  various  structures,  but  a  computation  of  the  mean 
thickness  of  the  masonry  resulting  from  this  form  of  construction 
and  the  cost  of  the  roof,  where  such  figures  have  been  published. 

It  will  be  noticed  that  while  there  is  marked  similarity  in  the 
general  dimensions,  there  have  been  some  interesting  improve- 
ments in  the  later  work  which  have  resulted  in  materially  reduc- 
ing the  quantity  of  masonry  or  the  resulting  mean  thickness  of 
roof,  without  injury  to  the  structure,  it  is  believed.  The  most 
noticeable  and  important  of  these  changes  is  that  of  making  a 
depression  in  the  masonry  over  the  pier  supporting  the  roof. 
This  depression,  in  the  majority  of  cases,  has  been  in  the  form  of 
an  inverted  pyramid  of  parabolic  section,  which  is  singularly  well 
adapted  for  use  with  the  elHptical  groined  arch  intrados,  though 
the  inverted  cone  or  pyramid  has  also  been  used.  The  amount 
of  masonry  to  be  saved  in  this  way  varies  from  about  10  to  30 
per   cent. 

In  some  smaller  roofs,  as,  for  instance,  at  Clinton,  or  the  sewage 
storage  tank  at  Concord,  100  feet  and  57  feet  in  diameter,  respec- 
tively, and  some  others  which  w^ere  small,  the  number  of  piers 
was  comparatively  small,  and  consequently  the  total  amount  of 
masonry  to  be  saved  in  that  way  was  also  comparatively  small. 
Under  those  circumstances  the  actual  saving  to  be  made  by 
depressions  in  the  masonry  o\-er  the  piers  is  little,  not  only  on 
account  of  the  small  amount  of  total  masonry  involved,  but  also 
on  account  of  the  fact  that  the  cost  of  the  centering  is  a  very 

*  See  Trans.  Am.  Soc.  C.  E.,  June,  1900. 
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Date. 

Location. 

Engineer. 

Description. 

1 

c 

Concrete 
Mixed. 

Filters   net   area    K    acre.    Intrados 

1895 

Ashland.Wis. 

Wm.  Wheeler 

ellip.,  extrados  plane,  2  layers   flat 

brick  backed  with  concrete. 

Two  filters,  total  net  area  >^  acre.    In- 

2'-0" 

1 :  23,' :  5 

1896 

Somersworth.N.H. 

Wm.  Wheeler. 

trados  elliptical  extra,  plane.    1  layer 
of  br.  on  edge  backed  with  concrete. 

2'-6" 

1 :  2>^  :  ^ 

1897 

Wellesley,  Mass. 

F.  C.  Coffin 

Reservoir  80'  int.  diameter.    Intrados 
elliptical  ext.  plane. 
Reservoir  154,739  sq.ft.  net  area.    Con- 
crete rel-nforced  with  steel.    Intrados 

2'-0' 

1 :  2>A  :  5 

1898 

Louisville,  Ky. 

Chas.  Hermany 

6" 

1:2:4 

and  extrados  segmental. 

1899 

Concord,  Mass. 

Leonard  Metcalf 

Sewage  reservoir  57  int.  Diameter. 
Intra,  ellip.  extra,  plane. 

2'-e" 

1:2:5 

1899 

Albany,  >'.  Y. 

Allen  Hazen 

Filters  8  beds  of  0.7  acre  each. 
Intra,  ellip.,  extra,  conical. 

2--0'' 

1:3:5 

1899 

Clinton,  Mass. 

F.  P.  Stearns 

Sewage  reservoir  100'  int.  Diameter, 
intra,  ellip.,  extra,  plane. 

4'-6" 

1:  2^:  4 

1899 

Superior,  Wis. 

Allen  Hazen 

Filters  and  reservoir,  total  net  area 
i>i  acre,  conical. 

2'-0" 

1:  3:  5 

1901 

Philadelphia,  Pa. 

John  W.  Hill 

Filters  5  of  0.537  acre  each. 

2'-0" 

1:3:5 

Lower  Roxboro'h 

Also  filtered  water  basin  153x190  . 

1902 

Milford,  Mass. 

Leonard  Metcalf 

Filters  2  of  Js'  acre  each. 
Intra,  ellip.  extra,  parabolic. 

l'-6" 

1 : 2M : 5 
1:3:5 

1902 

Philadelphia,  Pa. 
Upper  Roxboro'h 

John  W.  Hill 

Filters  8  of  0.7  acre  each. 

Also  filtered  water  basin  238'x319'. 

2'-0'' 

1:  3:  5 

1902 

Natick,  Mass. 

Frank  L.  Fuller 

Reservoir.    Intra,  ellip.  extra,  plane. 
Coag.  basin  and  reservoir. 

2'-0'' 

1:  2>^:  4>^" 
1 :  2>3' :  VA" 

1903 

Ithaca,  N.  Y. 

Allen  Hazen 

Intra,  ellip.  extra,  parabolic. 

2'-0' 

lbbl.:9c.f.:17c.f. 

1903? 

Proposed  for 
Lawrence,  Mass. 

Morris  Knowles 

Filter.    Intra,  ellip.  extra,  parabolic. 
Reservoir. 

3'-0' 

■^ 

1903 

Yonkers.  N.  Y. 

Allen  Hazen 

Intra,  ellip.  extra,  parabolic. 

4'-0'' 

1:  2.9:  5 

1903 
Begun 

Watertown,  N.  Y. 

Allen  Hazen 

Coag.  basin  and  reservoir. 
Intra,  ellip.  extra,  parabolic. 

21-0" 

1:  2.9:  5 

1903 

Brookline,  Mass. 

F.  F.  Forbes 

Reservoir  all  concrete. 
Intra,  ellip.  extra,  plane. 

2-0" 

1:2:4 

1903 

Philadelphia,  Pa. 

Filters  18  of  0.74  acre  each. 

2'-0" 

1:3:5 

Belmont 

John  W.  Hill 

Intra,  ellip.  extra,  parabolic. 

1903 

Philadelphia,  Pa. 

Filtered  water  basin  382x396. 

2'-0" 

1:  3:  5 

Belmont 

John  W.  Hill 

Intra,  ellip.  extra,  parabolic. 

1903 

Philadelphia,  Pa. 

Filters  33  of  0.75  acre  each. 

2-0" 

1:  3:  5 

Begun 

Torresdale 

John  W.  Hill 

Intra,  ellip.  extra,  parabolic. 

1903 

Philadelphia,  Pa. 

Filters  22  of  0.75  acre  each. 

2'-0" 

1:  3:  5 

Begun 

Torresdale 

John  W.  Hil! 

Intra,  ellip.  extra,  parabolic. 

1903 

Philadelphia,  Pa. 

Filt.  water  basin  602x762. 

2'-0" 

1:3:5 

Begun 

Torresdale 

John  W.  Hill 

Intra,  ellip.  extra,  parabolic. 

1903 
Begun 

Washington,  D.  C. 

Col.  A.  M.  Miller 

Filters  N06.  1  to  24. 

2'-0" 

1 :  2.9 :  5 

1903 
Begun 

Washington,  D.  C. 

Col.  A.  M.  Miller 

Filters  Nos.  25  to  29. 

Clear  water  well  under  Mech.  filters 

2'-0" 

1:  2.9:  5 

1903 

New  Milford,  N.J. 

Hering  &  Fuller 

2  sec.  47x148." 

none 

1903 

New  Milford.  N.J. 

Hering  &  Fuller 

do.                                      do.' 

none 

1903 
Begun 

Washington,  D.C. 

CoL  A.  M.Miller 

P.  W.  Reservoir. 

2'-0" 

1:  2.9:  5 

'  Cost  column  covers  cost  of  masonry  only  from  springing  line  of  roof.  Earth  cover  and  engineering 
not  includetl  unless  ho  stated.  2  Earth  cover,  etc.,  included.  Total  exclusive  of  engineering  only 
(105Si)       See  text.     Steel  reenforcement.      ^ Including  filling,  manholes,  etc.,  but  excluding  en- 
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Arch. 

1 
1 

il 

51 

If 

Volume  saved  by  de- 
pression   in   cu.    yds. 
and  equal  depth  in  in. 

1 

II 

§ 

Is 
II 

Pier  load  tons  per  sq. 
ft.  above  springingline. 
Concrete    at    150   lbs. 
Brick  at  130  lbs.    Earth 
at  110  lbs.    Snow  15. 

aw 

«    00 

•§ 
2 
a 

if 

a" 

a 

Span. 

Rise. 

.2 

15-9" 

3'-6'' 

6" 

none 

28X23=4.42 

28>^X24=4.73 

brick 

none 

11.7" 

12.5 

8.9' 

10.6' 

16'-0" 

4'-0'' 

6'' 

none 

34>iX34=8.15 
granite 

none 

13 

$0.47. 

9.7 

8.0 

10.0 

l-2'-0" 

2'-6" 

6" 

none 

24"X24"=4.0 
brick 

none 

10.3 

0.225 

8.9 

7.2 

8..5- 

19'-0" 

3'-9.6 

6" 

27.6" 

Dia.  3.4'=9.0 

5.4ii=3.7"- 

11.7 

0.612 

5.8 

(11.9) 

(13.8) 

12-9" 

3'-0" 

6" 

none 

24'x24"=4.0 
brick 

none 

11.0 

0.38 

11.7 

6.8 

8.3 

ll'-ll' 

2'-6' 

6" 

6" 

21X21=3.06 
brick 

0.93=1.63 

8..'-. 

0.182 
0.  277S 

11.0 

7.1 

8.4- 

I'i'-OJe'- 

2'-6' 

12" 

none 

30X30=6.25 

25X25=4.33 

brick 

none 

16.8 

12.2 
17.7 

7.3 

8.5 

12-0" 

2'-6" 

6" 

6" 

20X20=2.77 
brick 

0.93=1.63 

8.4 

0.29 

12.0 

7.2 

8.5- 

l-l'-O" 

3'-0" 

6" 

21'' 

22X22=3.36 

2.7=3.5 

7.3 

13.3 

8.2- 

9.7 

U'-O" 

3'-0'' 

6' 

18" 

•24X24=4.0 

2.37=3.0 

7.9 

0.36^ 

9.8 

8.2- 

9.7 

14-0" 

3-0" 

6" 

21" 

22x22=3.36 

2.70=3.5 

7.3 

16.85 
13.3 

8.2- 

9.7 

13-6' 

2'-9" 

6" 

none 

20x20=2.77 

none 

10.2 

0.40 

15.1 

8.3 

9.7 

10-6' 

1-6" 

0" 

lOj^' 

18X18=2.25 
17X17=2.01 

0.75=1.70 

6.78 

10  9  *  12.2 

9.2 

9.9 

13'-2" 

2'-9" 

6" 

18" 

22X22=3.36 

2.08=3.0 

7.5 

15.6 

7.9 

9.2 

lO'-O" 

I'-G" 

6" 

9X" 

16%X16?4'=1.96 

0.65=1.6 

7.0 

18.5 

8.3 

9.1 

10-0" 

r-6" 

6" 

10" 

18X18=2.25 

0.68=1.7 

6.9 

9.9 

8.3 

9.1 

12'-0" 

2'-6 ' 

6" 

none 

20X20=2.77 

none 

10.1 

0.40± 

12.2 

7.2 

8.4 

13'-5" 

3-0" 

6" 

2" 

22X22=3.36 

2.51-3.5 

7.3 

12.4 

7.5 

9.0 

U'-O" 

3-0' 

6" 

21" 

22X22=3.36 

2.70=3.5 

7.2 

13.3 

8.2 

9.7 

U'-O" 

3'-0" 

6" 

21" 

22X22=3.36 

2.70=3.5 

7.2 

13.3 

8.2 

9.7 

13'-2" 

3'-0' 

6" 

21" 

22X22=3.36 

2.43=3.5 

7.4 

12.0 

7.2 

8.7 

14-0" 

3'-0" 

6" 

21' 

22X22=3.36 

2.70=3.5 

7.2 

13.3 

8.2 

9.7 

12'-2" 

2'-6" 

6" 

17'' 

22X22=3.36 

1.70=2.8 

7.3 

9.7-t- 
saiid  stored 

7.4 

8.6 

ll'-lO" 

2'-6" 

6" 

17' 

22X22=3.36 

1.63=2.8 

7.4 

9.1+ 
sand  stored 

7.0 

8.2 

9'-8"x 

ll'-8" 

ll'-8"x 

12'-0'' 

2'-6" 
2'-6" 

8" 
8" 

none 
none 

24X24=4.0 
24X24=4.0 

none 
none 

11.7 
12.3 

30±-:' 
30±? 

4.7 
6.8 
6.8 
7.2 

5.9 
8.1 

8.1 
8.4 

15'-6" 

3-6" 

6" 

24;^" 

30X30=6.25 

4.0=1.5 

7.9 

8.7+ 
storage 

8.6 

10.3 

gineering.  <Cost  per  square  foot  is  estimated  from  force  accounts;  contractor's  price  was  less 
(poor  management).  ^ including  sand  stored  upon  roof.  «*  of  clear  well  with  these  arches. 
'  i  of  clear  well  with  these  arches. 
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large  proportion  of  the  total  cost  of  the  masonry  roof.  If,  on 
the  other  hand,  the  centering  may  be  used  over  and  over  again, 
if  the  area  is  large  enough,  as  was  the  case  in  the  Albany  work 
and  the  Philadelphia  work,  —  and  I  think  Mr.  Fuller  said  in 
the  Natick  work.  — the  proportionate  cost  of  the  centering  is  not 
so  large  and  the  saving  which  will  result  from  the  depression  over 
the  piers  is  greater  of  course;  while  in  the  smaller  structures, 
where  the  cost  of  centering  is  larger  proportionally,  the  saving 
is  proportionally  smaller.  It  mil  generally  be  found  that  a  de- 
cided net  saving  will  be  effected. 

Each  case,  however,  must  be  decided  on  its  own  merits,  and 
various  considerations  may  govern  the  engineer  in  his  choice  of 
design.  Thus,  the  disadvantageous  character  of  the  ground  in 
which  the  structure  is  built  may  make  it  desirable  to  have  the 
greater  stiffness  and  beam  action  resulting  from  building  the 
extrados  as  a  plane.  Again,  the  area  to  be  covered  by  the  roof 
may  be  so  small  as  to  make  the  actual  saving  by  depressing  the 
roof  over  the  piers  insignificant.  Or,  proximity  to  other  struc- 
tures, with  resulting  unequal  distribution  of  loading  of  the  ground 
about  the  structure,  or  lack  of  homogeneity  in  the  material  sur- 
rounding it,  may  make  the  element  of  beam  action  in  the  roof 
of  greater  importance.  Or,  the  necessity  of  storing  sand  upon 
the  roof  for  lack  of  other  room  may  make  greater  strength  neces- 
sary ;  or,  the  side  walls  may  be  designed  as  beams  to  be  built  of 
concrete  with  embedded  steel,  as  in  the  clear  water  basin  and 
sedimentation  tank  which  has  just  been  completed  at  Ithaca, 
N.  Y.,  — in  which  case  the  roof  must  act  not  only  as  an  arch, 
but  also  as  a  beam  to  take  the  thrust  coming  from  the  walls ;  or 
questions  of  drainage  may  be  of  primary  importance. 
'  For  these  reasons,  it  is  by  no  means  safe  to  criticise  different 
designs  simply  on  the  basis  of  the  amount  of  masonry  involved, 
without  knowing  fully  the  local  conditions  attending  the  work. 
Moreover,  in  glancing  back  at  the  old  work,  the  first  of  which  was 
constructed  of  brick  masonry,  re-enforced  with  concrete,  the 
fact  must  not  be  lost  sight  of  that  the  work  was  novel  at  the  time 
of  its  construction,  and  that  the  excellence  of  concrete  as  a  build- 
ing material,  when  judiciously  handled,  had  not  been  so  well 
demonstrated  as  it  has  by  the  more  general  use  in  recent  years; 
the  price  of  cement  was  also  considerably  higher  than  to-day. 
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It  is  interesting  to  note  that  in  the  later  designs,  not  only  have 
depressions  been  made  over  the  piers,  but  the  sections  of  the 
piers  have  been  decreased,  with  resulting  increase  in  unit  load 
per  square  foot  borne  by  the  pier;  and  the  amount  of  cement 
used,  or  the  richness  of  the  concrete,  has  been  materially  de- 
creased. 

Moreover,  in  some  of  the  recent  designs  circular  piers  have 
been  used  or  proposed  in  place  of  the  square  ones,  with  square 
capitals  upon  them.  While  the  writer  was  of  the  opinion  that 
the  use  of  the  latter  form  would  probably  not  result  in  any  ma- 
terial saving  in  cost,  on  account  of  the  greater  difficulty  in  form- 
ing the  capital  for  the  column,  he  was  interested  to  hear  that  in 
the  recent  plans  for  the  proposed  filter  plant  of  Pittsburg,  Pa., 
not  yet  built,  quotations  were  obtained  upon  both  forms  of  piers, 
and  it  was  found  that  the  unit  prices  were  substantially  identi- 
cal, which  would  result,  if  not  in  an  actual  saving  of  cost,  at  all 
events  in  a  better  distribution  of  the  material  in  the  pier. 

I  should  be  very  much  interested  to  hear  from  Mr.  Fuller  in 
regard  to  the  reasons  which  led  to  his  adoption  of  the  horizontal 
surface  in  this  case,  for  I  have  no  doubt  he  considered  the  saving 
which  might  have  been  effected  in  the  way  I  have  indicated. 

The  first  arches  which  were  built,  those  at  Ashland,  Wis., 
wliich,  as  I  have  said,  were  built  in  1895,  had  a  span  of  15  feet 
9  inches;  a  rise  of  3  feet  6  inches;  a  crown  thickness  —  as  has 
been  the  case  in  almost  all  of  these  arches  —  of  6  inches.  The 
pier  section  of  the  Ashland  filter  was  about  4.4  square  feet; 
that  is,  it  was  2  feet  4  inches  by  1.9  feet.  This  resulted  in  a  net 
load  on  the  pier,  —  figuring  on  the  basis  of  concrete  at  150  pounds 
per  cubic  foot,  brickwork  at  130  pounds,  earth  at  110  pounds, 
and  snow  at  15  pounds  per  square  foot,  —  or  a  unit  load  at  the 
springing  Une  (not  at  the  base  of  the  pier)  of  12^  tons  per  square 
foot.  The  surface  of  that  arch  is  a  plane  surface.  The  arch  was 
built  with  two  courses  of  brick  laid  flat,  that  is,  on  the  bed,  cov- 
ered with  concrete,  bringing  the  extrados  up  to  a  level  surface, 
and  giving  six  inches  of  masonry  at  the  crown  of  the  arch.  That 
resulted  in  a  mean  thickness  of  the  roof,  figuring  all  the  masonry 
above  the  springing  line,  and  not  making  any  deduction  for 
manholes,  of  11.7  inches.  The  concrete  used  was  mixed  in  the 
proportions  of  1 :  2^:  5. 
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At  Somersworth  the  proportions  of  the  concrete  were  the 
same;  the  span  was  3  inches  longer,  that  is,  16  feet;  the  rise  was 
4  feet;  the  piers  were  built  of  granite,  —  whereas  in  Ashland  they 
were  built  of  brick,  —  and  the  section  contained  8.15  square 
feet.  The  net  load  resulting,  Math  an  earth  filhng  of  2^  feet  in 
depth,  was  9.7  tons  per  square  foot.  There  resulted  a  mean 
thickness  of  about  13  inches  of  masonry.  In  that  case  the  roof 
was  constructed  of  one  course  of  brick  laid  on  edge,  surmounted 
by  a  layer  of  concrete,  bringing  the  extrados  surface  to  a  horizon- 
tal plane. 

These  filters  were  built,  of  course,  before  concrete  was  used  as 
it  is  to-day.  They  were  the  first  roofs  of  the  kind  that  were 
built  in  this  country;  they  were,  indeed,  substantially  the  first 
roofs  of  the  kind  that  had  been  built  anywhere.  Of  course  the 
groined  arch  had  been  used  in  architectural  work  and  in  some 
large  spans  abroad,  but  not  in  quite  this  way. 

The  next  structure  of  the  kind  which  was  built  was  the  Welles- 
ley  reservoir,  by  Mr.  Coffin,  in  1897.  It  was  circidar,  only  80 
feet  in  diameter,  small,  you  see.  with  the  same  proportions  of 
cement,  sand,  and  stone  in  the  concrete;  with  a  span  of  12  feet, 
a  rise  of  2^  feet,  a  pier  section  of  4  square  feet,  that  is,  2  feet  by 
2  feet  of  brick,  resulting  in  a  unit  load  of  8.9  tons,  and  a  mean 
thickness  of  10.3  inches.  You  see  the  mean  depth  of  the  masonry 
is  decreasing.  This  was  moreover  the  first  structure  of  the 
kind  in  which  the  roof  was  built  entirely  of  concrete. 

.Then  there  was  built  in  1899  the  sewage  storage  basin,  so-called, 
at  Concord,  with  a  mean  thickness  of  11.7  inches  and  a  pier 
load  of  11.7  tons.  In  that  case  the  surrounding  material  was 
exceedingly  bad,  the  structure  was  of  small  dimensions,  and 
there  was  a  pumping  station  with  comparatively  heavy  loads 
right  beside  it;  for  this  reason  no  depression  was  made  in  the  roof 
masonry  over  the  piers. 

In  1898-9  the  Albany  filter  plant  was  built  by  Mr.  Hazen,  whose 
resident  engineer,  Mr,  William  B.  Fuller,  is  here  to-night,  and 
will  perhaps  tell  you  what  sort  of  service  or  treatment  some  of 
those  arches  received.  The  i)r()ii()rti()ns  of  the  concrete  were 
1:3:5,  as  I  remember,  with  a  span  of  11  feet  11  inches  and  a 
rise  of  2^  feet,  .with  piers  21  inches  by  21  inches,  giving  a  mean 
depth  of  8.5  inches  and  an  average  load  of  11  tons. 
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Then  followed  the  Clinton  sewage  reservoir,  built  by  the  Met- 
ropolitan Water  Board  in  1899.  The  arches  had  a  very  heavy 
load  over  them,  the  depth  of  earth  being  4^  feet.  The  bottom 
on  which  they  were  constructed  was  exceedingly  bad,  with  pos- 
sible danger  of  floating  the  structure,  and  evidently  they  were 
anxious  about  the  loads  on  the  arches  and  the  character  of  the 
material  surrounding  the  structure,  because  the  proportions  of 
the  concrete  were  very  rich,  being  1:2^:4.  The  crown  thick- 
ness was  12  inches.  This  gave  a  mean  depth  of  16.8  inches  and 
a  load  at  the  springing  of  12.2  tons  and  at  the  minimum  section 
of  the  piers,  just  below  there,  of  17.7  tons. 

Then  followed  the  filters  at  Superior,  Wis.,  built  in  1899  by 
Mr.  Hazen,  in  which  the  mean  thickness  was  8.4  inches  and  the 
load  12.0  tons. 

In  1901  came  the  Philadelphia  plant.  The  proportions  of 
concrete  were  there  1:3:5,  the  mean  thickness  was  7.3  inches, 
and  the  pier  load  13.3  tons  to  the  square  foot.  In  that  case  the 
depression  over  the  pier  was  21  inches,  and  the  saving  was  ap- 
proximately 2.7  yards  of  masonry  to  a  pier,  which  was  equiva- 
lent to  3^  inches  over  the  section  covered  by  the  pier.  You  see 
how  much  that  means.  As  I  remember  it,  it  figures  out  some- 
thing over  30  per  cent,  of  saving. 

Then  came  the  Milford  plant,  which  was  built  in  1902,  in  which 
the  depression  was  18  inches  and  the  mean  thickness  7.9  inches 
and  the  load  9.8  tons  per  square  foot.  I  might  say  that  in  that 
case  there  was  very  little  room  about  the  filter  for  storing  the 
sand,  and  we  thought  that  possibly  it  might  be  necessary  to 
store  the  washed  sand  from  the  filter  on  top  of  the  filter  roof  it- 
self, and  so  figured  on  a  depth  of  four  feet  of  sand  spread  over 
the  filter  roof,  which  brought  the  load  up  to  16.8  tons  per  square 
foot.  It  was  for  that  reason  also  that  the  piers  were  made  a  little 
heavier  than  originally  designed,  that  is,  2  feet  square,  while  my 
original  plans  called  for  an  18-inch  pier. 

Then  followed  the  Upper  Roxborough  plant  in  Philadelphia, 
which  was  identical  with  the  Lower  Roxborough  plant,  giving 
7.3  inches  mean  depth. 

Then  came  the  Natick  reservoir,  with,  as  I  have  figured  it,  a 
mean  thickness  of  roof  of  10.2  inches,  and  a  load  of  15.1  tons  per 
square  foot  at  the  springing  line  —  not  at  the  base  of  the  pier. 
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And  last  of  all,  is  the  Ithaca  plant,  designed  by  Mr.  Hazen 
which  has  just  been  completed,  and  about  the  dimensions  of 
which  I  am  a  Uttle  in  doubt.  My  impression  is  that  the  depres- 
sion over  the  piers  is  about  6  inches  (actually  10^  inches).  If 
that  is  the  case,  the  average  depth  in  thickness  of  the  masonry 
would  be  7|  inches  (actually  6.8  inches)  and  the  load  from  10.9 
to  12.2  tons  per  square  foot. 

It  is  interesting,  too,  I  think,  to  see  the  decrease  in  the  section 
of  the  piers  and  the  resulting  increase  in  the  unit  loads.  Engi- 
neers generally,  I  think,  have  not  come  yet  to  the  heavy  unit  loads 
on  concrete  piers  that  some  of  the  concrete  construction  compa- 
nies have  used,  one  or  two  of  which,  I  remember  hearing,  amounted 
to  33  tons  to  the  square  foot  on  piers  12  by  12  inches.  Of  course 
that  seems  entirely  feasible  if  the  material  is  good,  and  if  you  are 
perfectly  sure  of  your  work,  in  view  of  the  concrete  tests  that 
have  been  made  at  the  Watertown  Arsenal  and  elsewhere. 

I  hope  Mr.  William  B.  Fuller  will  say  something  to  us  about 
the  Albany  plant,  particularly  in  view  of  what  Mr.  Frank  L. 
Fuller  has  said  about  driving  teams  over  the  groined  arches. 
My  recollection  is  that  I  saw  a  5  or  7-ton  roller  in  use  on  the  roof 
of  the  Albany  filter  plant,  and  I  do  not  think  that  the  concrete 
was  injured  by  it.     He  knows  the  facts. 

Mr.  Leonard  Metcalf  (by  letter).*  The  writer  has  ventured 
to  supplement  his  discussion  of  Mr.  Fuller's  paper  by  certain  addi- 
tional data  which  may  be  of  interest  in  bringing  information 
down  to  date,  and  as  being  of  liistorical  value  in  the  study  of  the 
development  of  the  groined  arch  roof  in  engineering  structures 
in  the  United  States.  In  this  he  has  been  materially  assisted 
by  contributions  from  Mr.  Charles  Hermany  of  Louisville  and 
Mr.  Allen  Hazen  and  Mr.  John  H.  Gregory  of  New  York,  who 
have  furnished  him  with  new  material  and  have  kindly  consented 
to  the  pubhshing  of  some  of  the  interesting  facts  mentioned  by 
them  relating  to  the  construction  of  plants  designed  by  them. 

In  comment  upon  the  table,  one  or  two  facts  should  be  men- 
tioned. The  "  Mean  Thickness  of  Roof,  Inches  "  is  figured  on  the 
basis  of  the  amount  of  masonry  above  a  horizontal  plane  passing 
through  the  springing  line  of  the  roof  arches  and  contained  within 
the  area  cover.ed  by  pier  units.     No  account  is  taken  of  the 

♦  Received  December  11,  1903.  —  Editor. 
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masoniy  in  the  pier  below  this  plane  or  of  the  masonry  in  the 
floor.  No  allowance  is  made  for  the  increased  amount  of  ma- 
sonry used  in  the  barrel  or  the  cloistered  arch  along  the  walls 
surrounding  the  area  covered  by  pier  units,  as  the  pier  unit  area 
was  thought  to  be  the  better  unit  of  comparison.  Neither  was 
allowance  made  on  account  of  manholes  or  sand  runs.  These 
elements  —  manholes,  sand  runs,  barrel  and  cloistered  arches, 
—  will  be  found  in  ordinary  large  units  to  increase  the  average 
thickness  of  the  roof  above  the  springing  hne,  as  determined  from 
the  pier  units,  by  about  ^  to  1^  inches. 

The  "  Cost  of  the  Roof  per  Square  Foot  "  in  general  covers 
only  the  cost  of  the  masonry,  including  therein  materials,  labor, 
centering,  and  removing  centering,  etc.  (above  springing  line  of 
roof),  but  does  not  include  the  cost  of  earth  covering  and  of  engi- 
neering. 

In  the  last  two  columns  has  been  computed  a  function  of  these 
arches  which  have  been  built,  a  function  that  many  engineers 
must  have  noticed,  though,  so  far  as  the  writer  knows,  Mr,  Hazen 
was  the  first  to  specifically  allude  to  it  in  a  letter  to  him  dated 
October  6,  1903.     In  this  Mr.  Hazen  writes: 

In  your  table  of  vaulting  there  is  one  point  of  some  interest  to  me; 
namely,  that  the  circle  having  the  same  curvature  as  the  ellipse  at  the  top, 
the  radius  of  which  is  obtained  by  squaring  the  span  and  dividing  by  the 
rise,  is,  for  all  figures  listed  in  your  table,  somewhere  nearly  a  constant;  at 
least  it  varies  a  good  deal  less  than  any  of  the  other  dimensions  do.  This 
indicates  approximately  a  constant  thrust  and  a  constant  strength  of  vault- 
ing per  square  foot  of  area  when  it  is  computed  acting  entirely  as  an  arch. 

This  relation,  which  briefly  consists  in  finding  the  radius  of 
a  circle  passing  through  the  crown  and  the  springing  lines  of  the 
elhptical  groined  arch,  is,  of  course,  one  long  known  to  railroad 
engineers,  who  have  made  use  of  the  approximate  formula : 

Middle  ordinate  = :p; — r- — 

8  X  Radius 

from  wliich,  by  transposition,  we  have 

^,     -r,    ,.  Square  of  Span 

the  Raduis  =  -^^ „.     — 

8  X  Rise 

This  value,  figured  by  the  writer  and  shown  in  the  left  of  the  two 
columns  mentioned,  led  him  to  compute  the  more  exact  value 
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of  this  radius  from  the  relation  of  similar  triangles,  which  gives 
the  formula: 

-^  _  (Chord  of  semi-span)  ^  _  (Semi-span)  ^  -f  (Rise)  ^ 

^  ^^^®  ~  2  X  Rise  "  2  X  Rise. 

While  both  of  these  values  are  empirical, —  for  the  arches  have 
generally  been  segmental,  not  elHptical, — they  are  of  interest 
and  serve  as  guides  to  judgment  in  design.  The  average  value 
of  the  radius  (shown  in  the  right  column)  as  determined  by  omit- 
ting the  Louisville  arches  —  which  contained  embedded  steel  — 
and  the  New  Milford,  N.  J.,  arches,  —  which  have  an  abnormally 
heavy  superposed  load,  a  mechanical  filter  plant,  — is  found  to  be 

R  =   9.17  feet, 
while  the  extremes  of  conservative  and  radical  practice  (though 
in  the  WTiter's  opinion  the  radical  class  of  to-day  will  become  the 
conservative  class  of  the  next  decade),  show  approximate  values 
of  R  =  8.5  and  R  =  10  feet. 

Mr.  Hazen  writes  in  regard  to  the  Albany  filter  roof : 

I  see  at  Albany  the  extrados  is  marked  parabolic.  This  was  true  of  the 
outside  and  cross  walls,  but  the  depression  over  the  piers  was  made  conical. 
The  cone,  however,  did  not  start  exactly  at  the  summit,  but  at  such  a  point 
as  not  to  reduce  the  thickness  of  the  arch  below  six  inches,  and,  in  fact,  the 
minimum  due  to  the  cone  was  a  little  more  than  this  figure.  From  my  final 
estimates  the  volume  of  the  depression  was  25.219  cubic  feet.  The  volume 
equal  to  a  square  six  inches  thick  was  93.389  cubic  feet,  and  the  volume  of 
the  vaulting  from  the  pier  up  to  the  bottom  of  the  6-inch  slab  was  64.065 
cubic  feet,  making  the  exact  volume  over  each  pier  132.235  cubic  feet,  which 
corresponds  to  a  thickness  of  about  0.71  foot. 

Another  computation  which  I  made  February  9,  1899,  gives: 

Reduced  thickness  of  vaulting  over  piers  in  filters 0.71   foot 

Over  piers  in  pure  water  reservoir  (no  depression)        .    .    .    .0.8-1     ,, 

Outside  walls 0.81     „ 

.     Crosswalks 0.90     „ 

Other  cross  walls 0.83     ,, 

Outside  corners ■.    .    1.06     ,, 

Inside  corners 1.54     ,, 

Manholes  (Distributed  over  whole  area) 0.029  „ 

Sand  runs,  about  0.5  foot  extra  over  gross  area  of  same. 

Average  thickness  of  vaulting,  including  all  extras  on 

net  area      0.77     „ 

I  see  that  in  discussing  j'our  paper  on  "  Vaulting  "  I  gave  the  reduced  thick- 
ness as  0.78.     This'latter  computation  was  made  some  months  later,  and  I 
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do  not  find  memoranda  of  it,  but  I  do  find  that  the  total  quantity  of  con- 
crete in  the  vaulting  as  allowed  in  the  final  estimate  overran  the  amount 
which  I  estimated  in  my  computation  of  February  9,  1899,  by  about  one  per 
cent.;  so  that  the  figure  given,  namel}',  0.78,  is  apparently  the  correct  one. 

Apparentl,y  this  was  the  first  time  that  the  depression  over  the  piers  was 
used,  and  I  do  not  think  it  occurred  to  us  to  make  it  parabolic.  We  did  make 
some  designs  for  curves,  but  my  recollection  is  that  we  thought  the  conical 
surface  would  be  a  good  deal  easier  to  build  and  would  accomplish  substan- 
tially the  result  to  be  reached  as  well  as  a  curved  surface. 

The  sections  of  the  vaulting  over  the  outside  and  cross  walls  vary  a  little 
in  different  parts  of  the  work.  I  have  a  large  scale  plotting  of  these  sections 
as  they  were  actually  built,  which  I  had  made  at  the  time,  partly  for  the  pur- 
pose of  the  final  estimates  and  partly  as  a  permanent  record  of  exactly  what 
was  used. 

For  the  amount  of  depression  that  we  used  at  Albany,  I  still  think  the 
conical  depression  is  better  than  the  parabolic,  but  for  the  deeper  cuts  which 
have  since  been  made  it  will  not  do,  and  I  have  thus  u.sed  the  parabolic  curves 
on  all  my  later  designs. 

Upon  the  Superior  plant  he  says: 

The  depression  over  the  piers  at  Superior  is  the  same  as  at  Albany,  and 
amounts,  as  I  compute  it,  to  1.63  inches  instead  of  1  inch,  with  a  correspond- 
ing reduction  in  the  distributed  thickness  of  the  vaulting. 

In  regard  to  the  Yonkers  and  Watertown,  N.  Y.,  plants,  he 
writes : 

The  Wat«rtown  piers  were  made  a  little  larger  relatively  than  usual,  be- 
cause they  were  rather  high,  and  the  Yonkers  piers  were  considerably  smaller 
than  usual,  being  about  normal  for  the  2-foot  cover.  Putting  the  extra 
weight  on  the  vaulting,  of  course,  runs  up  the  load  per  square  foot  a  good  deal. 
The  increased  thickness  of  covering  in  this  case  was  an  afterthought,  which 
facilitated  some  other  matters,  and  the  size  of  the  piers  was  not  changed. 
At  Yonkers  the  fill  was  made  4  feet,  the  extra  depth  being  partly  as  a  dike 
to  protect  against  floods  and  partly  as  a  load  to  prevent  possible  floating 
with  high  ground-water  and  with  the  reservoir  empty. 

While  the  smaller  piers  at  Yonkers  are  undoubtedlj-  amply  safe,  the  saving 
in  material  does  not  amount  to  much,  and  next  time  I  should  make  them 
uniform  with  the  others.  The  curve  of  the  roof  is  identical  in  the  two  de- 
signs, but  there  is  a  slight  difference  in  the  drop  to  correspond  with  the  longer 
span  at  Watertown. 

The  above  dimensions  are  the  nominal  dimensions.  In  actually  laying 
the  thing  out  I  usually  make  the  forms  slightly  shorter  than  the  schedule,  so 
as  to  give  the  contractor  a  little  come  and  go.  This  facilitates  the  work 
greatly,  and  the  increa.sed  amount  of  concrete  does  not  amount  to  much. 
When  the  piers  are  just  right  or  are  out  in  the  wrong  direction,  of  course  this 
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leaves  a  crack  between  the  top  of  the  pier  and  the  center,  which  ought  to  be 
plugged  before  the  concrete  is  placed. 

In  comment  upon  the  Washington  filters,  Mr,  Hazen  writes: 

While  it  is  not  intended  to  store  sand  on  this  vaulting,  it  was  intended  to 
be  strong  enough  so  that  the  vaulting  could  be  loaded  pretty  freely  in  this 
respect,  and  so  that  light  tracks  could  be  laid  upon  it. 

Mr.  Charles  Hermany,  engineer  of  the  Louisville,  Ky.,  Water 
Company's  water  purification  station  at  Crescent  Hill,  Ky.,  gives 
the  following  interesting  and  exceedingly  valuable  detailed  ac- 
count of  that  work : 

The  year  is  given  as  1898  because  the  design  and  dimensions  were  deter- 
mined then  and  afterwards  carried  out  without  deviation.  The  work  was 
completed  in  1900. 

Both  the  arches  and  columns  are  stronger  than  necessarj^  were  they  only 
to  support  themselves  and  the  earth  filling.  This  has  been  proven  by  build- 
ing upon  the  groined  arches  a  concrete  bed  8  inches  thick  over  the  crown,  in 
which  a  track  is  built  of  standard  steel  rails,  80  pounds  to  the  yard,  and  loaded 
freight  cars  pushed  over  it  with  a  combined  dead  and  live  load  (car  and 
freight)  of  five  tons  to  the  car-wheel  without  visible  effect  upon  arch  or  col- 
ums.  When  designing  these  arches  it  was  not  apprehended  that  it  would 
be  desirable  or  necessary  to  run  cars  across  them. 

Great  misgiving  was  manifested  by  contractors  as  to  the  practicability 
of  building  reliable  columns  of  this  description.  The  successful  and  satis- 
factory building  of  them  proved  to  be  one  of  the  easiest  and  simplest  tasks 
connected  with  the  reservoir. 

The  concrete  was  machine-mixed,  but  all  the  manual  labor  was  performed 
by  crude  and  unskilled  men,  with  which  difficulty  was  experienced  in  satis- 
factorily building  the  arches;  it  was  accomplished  only  by  constant  and  vigi- 
lant engineering  supervision.  With  the  experience  gained  in  this  work, 
entirely  satisfactory  results  could  be  obtained  with  reduction  m  both  volume 
of  concrete  and  cost  of  construction. 

The  solidifying  of  the  concrete  by  tamping  was  done  by  hand,  in  layers  of 
about  4  inches  in  thickness  at  a  time.  Better  results  have  since  been  accom- 
plished by  reducing  the  thickness  of  layers  and  using  pneumatic  tampers. 

Memorandum    op    February    8,    1902. 
the  clear  water  reservoir  at  the  louisville  water  company's  water 
purification  station  at  crescent  hill,  ky. 

1.  Total  area  of  qu;i(h;ini:ul;ir  space  covered  by  the  Sq.   ft. 

outside  dimensions  nf  I  lie  sirucl  lire 180  740 

2.  Area  covered  by  thr  lour  ri^taiiiing  walls 18  541 

3.  Area  covered  by  the  three  division  walls 4  460 

4.  Area     covered    by    256    columns    supporting    the 

groined  arches 3  000 

5.  Aggregate  area  of  water  surface  in  the  four  com- 

partments          154  739 

Total 180  740 
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which  water  surface  is  the  area  roofed  over  by  the  groined  arches.  The 
groined  arches  are  340  in  number,  270  of  which  are  square,  22  by  22  feet  span 
between  centers  of  colunnis,  and  70  arches  are  in  one  direction  of  22-foot 
span,  and  at  right  angles  thereto  of  variable  span,  —  both  greater  and  smaller 
than  22  feet,  —  owing  to  the  quadrangular  plan  of  the  reservoir  not  being 
a  square  but  a  trapezoid. 

In  the  following  table  are  given  the  items  which  comprise  the  cost  of  con- 
structing the  arched  covermg  to  the  clear  water  reservoir,  subdivided  into 
ten  different  classifications  of  material  and  work. 


TABLE. 

Per  sq.  ft. 

1.  2446.93   c.    y.   Portland   cement   1-2-4  concrete    in    columns, 

at$7.10,    "    .$17,373.20  _ 

154  739     - ^^-^^^ 

2.  333.32  s.   y.    Portland    cement    1-2    mortar    in    columns,   at 

29  cts.,         $96.66 

154^39-=      "-001 

3.  7484.11    c.   y.  Portland   cement   1-2-4   concrete  in  arches,  at 

$7.10,         $53,137.18  _ 

154,739    - ^'^^^ 

4.  978.13   s.  V.  Portland  cement   1-2   mortar    in   arches,  at   42 

cts.,         $410.81  _ 

154  739         "•""'* 

5.  168  750  lbs.  steel  ribs  in  concrete  arches,  at  3i  cts., 

$5,484.40  _ 
154  739- '^  "'^^ 

6.  7325.89  s.  y.  neat  Portland    cement   mortar  one-eighth  inch 

thick  plaster  on  columns,  23  cts $1.684.95  _ 

154  739  ~        "-"^ 

7.  18  444.87  s.  y.  neat  Portland  cement  mortar  one-eighth  inch 

thick  plaster  on  soffit  of  arches,  23  cts.,  $4,241.40 

154  739  "      •    •    •        ^-^^^ 

8.  3928.04  c.  y.  earth  fill  over  arches,  30  cts.,    $1,178.41 

154  739"   ••    •       "-""^ 

9.  154  739  s.  f.  sodding,  at  lOJ  cts.  per  s.  y.,  $1,805.29  _  '  n  mo 

154  739-  •    •    •    •       ""^^ 
10.  Centers  for  arches  and  falseworks,  $9,000.00  ^  ^_ 

154  739  = O-O^^ 

$0,611 

Less  correction       0 .  001 

•  

Total  cost  per  square  foot  of  covering .     $0,610 

In  the  above,  items  2  and  4  are  for  mortar  used  to  interpose  between  suc- 
cessive additions  of  concrete,  so  as  to  make  such  additions  adhere  to  each 
other. 
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The  foregoing  ten  items  of  cost  comprise  the  total  amount  paid  by  the 
Water  Company  to  the  contractor,  to  which  wants  to  be  added  the  cost  of 
inspection  and  engineering  supervision,  which  amount  is  not  exactly  known, 
but  will  approximate  closely  to  ten  per  cent,  of  the  cost. 

Mr.  William  B.  Fuller.*  Mr.  President  and  gentlemen: 
The  strength  of  a  concrete  groined  arch  is  very  difficult  if  not 
impossible  of  calculation,  as  a  satisfactory  theory  of  the  stresses 
in  such  a  structure  has  not  as  yet  been  developed.  Our  knowl- 
edge of  the  strength  of  such  groined  arches  is  based,  therefore, 
to  a  large  extent,  on  their  behavior  under  conditions  of  greater 
stress  than  ordinary  conditions,  and  it  is  to  be  commended,  there- 
fore, that  the  author  has  described  the  treatment  in  this  respect, 
which  Ms  arches  have  received.  The  speaker  also  has  had  cases 
on  his  own  work  where  groined  arches  have  been  accidently  ex- 
posed to  heavier  loading  than  they  were  expected  to  carry,  with- 
out any  bad  effects. 

It  seems  to  be  a  universal  practice  to  make  the  thickness  of 
the  crown  of  the  arch  six  inches,  probably  because  in  practice 
this  is  about  the  minimum  thickness  of  concrete  which  can  be 
placed  with  ordinary  labor  and  with  the  same  concrete  as  used 
in  the  more  massive  part  of  the  work.  A  less  thickness  at  the 
crown  would  call  for  greater  care  in  placing  and  small  diameter 
stone  in  the  concrete,  which  would  increase  the  cost  per  cubic 
yard  and  thus  possibly  offset  the  saving  in  quantity.  There  is, 
however,  no  reason  except  this  practical  one  why  the  crown  of 
the  arch  should  not  be  made  much  thinner. 

Several  years  ago,  while  superintending  the  construction  of 
concrete  groined  arches  at  the  Albany  Filter  Plant,  the  speaker 
made  up  and  tested  the  strength  of  a  few  small  models.  These 
tests  indicated  that  a  groined  arch  of  about  13  feet  span,  3^  feet 
rise,'  and  6  inches  thick  at  the  crown,  after  being  built  thirty  or 
more  days,  would  safely  sustain  without  any  danger  of  fracture  of 
the  arch  a  load  of  brick  piled  on  top  of  the  arch  40  feet  high.  At 
Albany  a  three-ton  road  roller  was  repeatedly  run  over  the  arches 
previous  to  the  placing  of  \he  dirt  and  within  thirty  days  after 
the  concrete  was  placed.  At  another  time  the  contractor  placed 
a  derrick  bringing  a  concentrated  load  of  nearly  two  tons  on  about 
one  square  foot  in  the  center  of  the  arch.     Heavily  loaded  two- 

*  Civil  Engineer,  New  York,  N.Y. 


DISCUSSION.  413 

horse  wagons  drove  over  the  arches  in  all  directions  with  ut 
restriction,  sometimes  within  two  weeks  of  the  placing  of  the 
concrete. 

At  Philadelphia  a  road  roller  weighing  several  tons  and  drawn 
by  four  horses  was  driven  over  an  arch  which  had  been  cut 
along  its  crown  so  that  it  was  simply  a  cantilever  extending 
out  from  the  piers  about  7  feet;  that  is,  this  arch  was  built 
only  to  the  line  where  the  author  explained  that  he  stopped 
his  concrete  during  a  day's  work.  The  centers  were  removed 
and  the  roller  passed  over  the  half  arch  about  thirty  days 
after  the  concrete  had  been  placed.  An  illustration  of  this 
is  being  used  by  one  of  the  cement  companies  for  advertising 
purposes. 

The  speaker  would  suggest  a  few  improvements  in  relation  to 
the  author's  centering  which  he  has  observed  as  in  use  at  Phila- 
delphia. Instead  of  placing  four  4-inch  by  6-inch  posts  at  each 
pier  extending  from  the  floor  of  the  filter  to  the  under  side  of  the 
centering,  a  great  saving  can  be  made  in  lumber  by  simply  clamp- 
ing a  collar  around  the  top  of  each  pier  on  which  the  centers  rest 
directly,  without  using  any  posts  whatever.  Instead  of  using 
6  pieces  of  centering  at  each  groin  unit  it  would  be  better  to 
make  this  unit  in  four  parts,  the  hues  of  division  extending  square 
across  from  center  to  center  of  piers  and  diagonally  from  corner 
to  corner  of  piers ;  by  this  method  only  one  post  is  needed,  that  at 
the  intersection  of  the  diagonals  from  each  pier,  for  holding  up  all 
four  centers,  each  center  resting  on  the  clamps  around  each  pier 
and  on  this  center  post.  The  economy  of  this  method  is  particu- 
larly noticeable  on  deep  and  large  reservoirs,  as  in  such  a  case  the 
centering  can  be  used  over  and  over  again. 

There  is  one  point  which  Mr.  Metcalf  did  not  clearly  bring  out 
in  relation  to  the  saving  in  the  concrete  by  leaving  depressions 
over  the  piers.  Depressions  have  been  more  frequently  used 
over  the  piers  of  slow  sand  filter  plants,  because  the  water  which 
would  collect  in  such .  depressions  can  be  run  right  down  into 
the  filters.  In  the  case  of  a  clear  water  reservoir,  such  as  described 
by  the  author,  it  may  not  be  desirable  to  run  the  surface  water 
into  the  reservoir,  and  in  such  a  case  the  depressions  must  be  made 
water  tight. 

In  Philadelphia,  where  depressions  were  left  in  the   concrete 
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over  the  piers  of  the  clear  water  reservoirs,  such  depressions  were 
filled  with  clay  puddle  and  of  course  the  cost  of  the  puddle  should 
be  deducted  from  the  cost  of  the  concrete  saved  in  order  to  ob- 
tain the  net  saving. 

Mr.  F.  W.  Dean.*  I  think  one  interesting  thing  in  regard  to 
this  matter  is  that  it  furnishes  some  additional  illustrations  of 
the  frequency  with  which  concrete  construction  is  being  carried 
on  nowadays.  It  struck  me,  in  listening  to  the  description 
which  Mr,  Fuller  gave  of  the  groined  arches,  that  they  might  be 
cast  so  as  not  to  require  any  ramming  whatever.  That  brought 
to  mind  having  seen  quite  recently  the  process  of  building  the 
Stadium  at  Harvard  College,  which  is  a  large  auditorium  sur- 
rounding the  football  ground  and  designed  to  seat,  I  think,  some- 
thing like  50  000  persons.  The  architectural  features  were 
designed  i^y  McKim,  Mead  &  White  of  New  York,  and  the  engi- 
neering features  by  the  staff  of  the  Lawrence  Scientific  School. 
There  they  have  columns  which  I  should  think  are  some  20  inches 
square,  made  hollow,  4  inches  thick;  and  the  seats  are  being 
moulded  just  as  cast  iron  is  moulded,  that  is  to  say,  they  make 
patterns,  as  they  would  if  they  were  making  iron  castings,  then 
mix  up  sand  and  cement  and  pour  it  into  the  moulds,  which  are' 
made  in  sand  exactly  as  an  iron  mould  is.  They  use  for  adding 
somewhat  to  the  strength  of  these  seats  a  framework  of  steel 
wires,  which,  I  believe,  where  the  wires  cross  each  other  at  right 
angles,  are  welded  by  some  process  or  other,  and  there  they  are 
casting  thousands  of  those  seats. 

There  is  one  thing  I  should  like  to  know  from  Mr.  Fuller,  and 
that  is,  the  gage  of  the  stone  which  was  used  in  his  arches.  I 
beheve  that  was  not  mentioned  by  him. 

Mr.  Frank  L.  Fuller.  As  I  remember,  the  specifications 
called  for  stone  not  over  2^  inches  in  its  longest  diameter,  but, 
as  a  matter  of  fact,  I  think  a  good  deal  larger  stone  was  used,  and 
I  really  see  no  objection  to  it.  I  think  perhaps  we  had  a  small 
amount  of  stone  which  was  4  inches  in  diameter,  stone  which 
had  been  screened  out  of  a  gravel  pit.  It  was  good,  clean,  solid 
stone,  and  I  was  not  very  particular  about  the  size  of  it. 

I  should  just  like  to  say  a  word  in  regard  to  another  reservoir 
which  I  am  building,  where  the  walls  are  entirely  of  concrete, 

*  Mechanical  Engineer,  Boston,  Mass. 
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2^  feet  at  the  top  and  3^  feet  at  the  bottom,  where  the  specifica- 
tions allow  40  per  cent,  of  stone  to  be  bedded  in  the  concrete. 
That  wall  is  now  finished,  and  apparently  it  is  a  good,  sound 
piece  of  work.  I  do  not  know  why  in  such  piers  as  we  are 
building,  20-inch  piers  and  24-inch  piers,  good,  sound  stone 
could  not  be  put  in.  It  would  reduce  the  cost  considerably,  and 
I  think  would  still  give  good  work.  The  weight  of  the  piers 
would  not  be  reduced,  and  I  do  not  see  that  their  strength 
would  be ;  and  perhaps  the  same  thing  coidd  be  done  in  the  fill- 
ing over  the  piers.  I  know  in  certain  work  which  is  being  done, 
for  instance,  the  core  wall  of  the  Lynn  dam,  which  was  built 
partly  last  season  and  is  being  completed  this  season,  or  is  now 
completed,  a  good  many  stone  of  considerable  size  were  placed  in 
that  wall,  which  was,  perhaps,  —  I  cannot  give  the  exact  thickness, 
—  6  or  8  feet  thick  at  a  distance  15  or  20  feet  below  the  top. 
I  am  not  sure  that  these  figures  are  exact,  however. 

Mr.  F.  L.  Fuller  (by  letter).  While  the  writer  has  had  no 
experience  in  the  use  of  collars  clamped  to  the  top  of  concrete 
piers  to  support  the  centers,  referred  to  by  Mr.  William  B.  Fuller, 
he  has  supported  centers  for  lintel  arches  between  brick  piers  suc- 
cessfully, by  corbeling  out  the  upper  courses  of  bricks.  The  cen- 
tering was,  however,  very  light  and  the  span  short.  These  piers 
and  arches  supported  a  12-inch  brick  ring,  which  in  turn  supported 
covering  arches.  Before  the  covering  arches  were  built,  however, 
the  piers  had  been  tied  together  at  the  top,  so  that  no  lateral  move- 
ment was  possible,  and  the  Portland  cement  brickwork  well  set. 

In  the  case  of  concrete  piers  and  a  groined  arch  roof,  it  would 
appear  to  the  author  safer  to  support  the  centers  independently 
of  the  piers,  as  is  the  case  where  four  4  by  6  inch  timbers  resting 
on  the  pier  foundations  are  used.  It  is  often  desirable  to  put  the 
concrete  roof  in  place  before  the  piers  have  had  time  to  become 
sufficiently  set  to  bear  the  combined  weight  of  centers  and  con- 
crete roof. 

It  would  seem  that  there  might  be  a  possibihty  of  bending  action, 
especially  when  the  loading  of  the  centering  on  different  sides  of 
the  pier  was  unequal,  which  would  be  detrimental  It  must  be 
borne  in  mind  that  newly  made  concrete,  especially  with  the  increas- 
ing tendency  to  make  it  less  rich  and  reduce  the  area  of  sections 
deserves  careful  treatment. 
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If,  however,  actual  experience  shows  the  method  to  be  practical, 
there  would  be  some  saving  in  the  cost  of  centering.  At  Natick 
centers  were  put  in  place  around  piers  which  were  perhaps  not 
more  than  five  or  six  days  old.  In  such  cases,  at  least,  it  would 
seem  best  to  the  writer  that  these  centers  be  supported  independ- 
ently of  the  piers. 

By  the  time  the  centering  is  removed  the  piers  have  become 
solidified,  and  so  joined  together  at  the  tops  that,  as  in  the  case 
previously  mentioned,  there  is  no  chance  for  lateral  motion. 

Further,  these  4  by  6  inch  timbers  at  each  pier  supporting  the 
centers  formed  the  means  of  also  supporting  a  stage,  as  described 
on  page  397,  which  was  of  great  service. 

Referring  still  further  to  Mr.  Wm.  B.  Fuller's  suggestions  on 
page  413,  the  author  would  say  that  the  four  quarter  sections  of 
the  Natick  centering  filled  that  part  of  the  groin  arch  unit  lying 
between  the  corners  of  the  four  surrounding  piers.  The  four 
quarter  sections  of  centering  came  together  at  the  intersection 
of  the  diagonals  from  corner  to  corner  of  piers,  and  at  this  point 
required  but  one  support,  which  at  Natick  was  a  6  by  6  inch 
spruce  timber,  as  described  on  page  396.  The  point  of  intersec- 
tion of  the  diagonals,  or  the  point  at  w^hich  the  four  quarter 
sections  come  together,  is  shown  on  Plate  III,  Fig.  2,  the  6  by  6 
inch  support  having  been  removed  at  the  time  the  photograph 
was  taken.  The  author's  centering  at  Natick  was  bounded  by 
three  sides,  and  was  simple  in  construction  —  but  four  pieces  or 
sections  were  used  within  the  square  bounded  by  four  piers.  In 
addition  were  the  20-inch  pieces  of  lagging,  extending  from  one 
section  to  another  and  bridging  the  space  by  which  they  were 
separated.  These  short  laggings  were  used  over  and  over  again, 
and  were  quickly  put  in  place.  The  centering  as  used  was  very 
satisfactory  in  practice,  and  the  author  doubts  whether  much 
improvement  could  be  made  in  it. 

The  sections  or  pieces  of  centering  referred  to  by  Mr.  W.  B. 
Fuller  were  apparently  bounded  by  five  sides,  two  of  which  were 
equal  in  length  to  one  half  of  the  side  of  the  pier,  and  the  other 
three,  provided  the  span  was  the  same,  of  the  same  length  as 
those  used  at  Natick.  Apparently  they  would  require  a  little 
more  lumber,  while  the  amount  of  lagging  would  be  the  same  in 
either  case. 
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In  regard  to  depressions  over  piers,  the  author  believes  a  saving- 
can  be  made,  especially  in  large  roofs,  and  that  in  many  cases  the 
idea  can  and  should  be  carried  out.  At  Natick  so  little  time  was 
available  to  prepare  plans  and  specifications  in  order  that  the  work 
might  be  begun  in  time  for  its  completion  before  winter  that  the 
question  did  not  receive  much  consideration. 

There  are,  of  course,  some  objections  to  these  depressions. 
Some  care  and  attention  are  necessary  on  the  part  of  both  engineer 
and  contractor  or  his  workmen  in  forming  them.  If  they  are 
not  uniform  in  size,  for  any  cause,  the  volume  of  each  depression 
must  be  measured,  provided  the  work  is  done  by  contract.  Prob- 
ably not  quite  so  wet  concrete  could  be  used.  The  depressi(ni 
forms  a  pocket  for  the  collection  of  rain  water  which  will  probably 
find  its  way  into  the  reservoir.  This  objection  is,  however,  hardly 
worth  considering,  provided  the  covering  material  is  free  from 
anything  liable  to  injure  the  water.  If  the  roof  were  covered  by 
means  of  teams,  they  could  not  drive  over  the  tops  of  the  piers 
with  full  loads,  on  account  of  the  depressions,  and  a  little  more 
shoveling  in  leveling  the  top  might  be  required. 
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Twenty-second  Annual  Convention. 

Montreal,  September  9,  10,  11,  1903. 

The  twenty-second  annual  convention  of  the  Association  was 
held  in  Montreal  on  Wednesday,  Thursday,  and  Friday,  September 
9,  10,  and  11,  1903.  The  headquarters  of  the  Association  during 
the  convention  were  at  the  St.  Lawrence  Hall,  and  the  meetings 
were  held  in  one  of  the  large  parlors  of  the  hotel. 

The  following  members  and  guests  were  registered : 
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H.  V.  Macksey,  J.  A.  Marion,  A.  E.  Martin,  A.  S.  Merrill,  F.  E.  Merrill, 
Leonard  Metcalf,  J.  T.  Miller,  J.  W.  Moran,  W.  W.  Patch,  F.  L.  Northrop,  W. 
Paulison,  E.  L.  Peene,  F.  H.  Pitcher,  J.-B.  Putnam,  C.  E.  Riley,  G.  A. 
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Thomas,  J.  L.  Tighe,  D.  N.  Tower,  C.  K.  Walker,  C.  S.  Warde,  R.  S.  Weston, 
W.  P.  Whittemore,  E.  T.  Wiswall,  D.  B.  McCarthy,  S.  H.  McKenzie.  —  86. 

Associates. 
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mark,  Engineer  Canadian  Pacific  Railway,  Jas.  M.  Ward,  R.  R.  Samdel, 
representing  the  Canadian  Engineer,  J.  T.  McCall,  Mr.  G.  B.  Mitchell 
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Mrs.  Edward  L.  Peene,  Yonkers,  N.  Y. ;  Mrs.  W.  Paulison,  Passaic,  N.  J.: 
Mrs.  Alice  W.  Hatch,  South  Framingham;  Mrs.  J.  P.  Putnam,  Westboro; 
Lawrence  P.  Stanton,  Alden  Webb,  Beverly;  Howard  Smith,  Mrs.  G.  W.  F. 
Smith,  Mrs.  W.  F.  P.  Sealy,  G.  W.  F.  Smith,  Potsdam,  N.  Y.;  Mr.  and  Mrs. 
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Summary  of  Attendance. 

Members 86 

Representatives  of  Associates 33 

Guests 129 

248 
Counted  twice      ....  1 

Total  attendance 247 

Wednesday,  September  9. 

The  convention  was  called  to  order  at  11  a.m.  by  President 
Charles  K.  Walker,  who  introduced  Mayor  James  Cochrane  of 
Montreal.     The  Mayor  spoke  as  follows: 

ADDRESS    OF    WELCOME    BY    MAYOR    COCHRANE. 

Mayor  Cochrane.  Mr.  President,  Ladies  and  Gentlemen, — It 
gives  me  great  pleasure  to  welcome  to  our  city  so  many  people 
from  the  New  England  States,  and  especially  to  meet  so  many 
representatives  of  water  works  throughout  your  section.  We  do 
not  receive  you  as  strangers,  although  you  come  from  the  other 
side  of  the  hne,  because  we  consider  that  there  is  really  no  differ- 
ence between  the  two  peoples.  I  suppose  you  have  a  great  many 
important  questions  to  discuss,  and  therefore  it  is  not  my  inten- 
tion to  occupy  your  time  by  any  speech.  I  will  only  say  that  you 
are  heartily  welcome  to  our  city,  and  if  any  of  you  gentlemen 
should  happen  to  get  into  any  little  trouble  during  your  stay  here, 
I  hope  you  will  feel  at  liberty  to  call  upon  the  Mayor.  [Laughter.] 
I  hope  that  your  deliberations  will  be  successful,  and  that  those 
connected  with  our  water  department  may  get  some  good  ideas 
from  you  whicTh  will  tend  to  improve  our  water  supply.  [Ap- 
plause.] 
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RESPONSE    BY    PRESIDENT    WALKER. 

President  Walker.  I  wish  to  thank  you,  Mr.  Mayor,  in 
behalf  of  the  Association,  for  the  welcome  which  you  have  ex- 
tended to  us,  and  to  assure  you  that  we  appreciate  it.  It  has 
been  in  the  air  for  a  number  of  years  that  we  were  coming  to 
Montreal,  and  now  that  we  are  here  we  think  we  are  going  to  have 
a  good  time,  and  we  trust  that  you  will  think  more  of  us  when  we 
go  away  than  you  did  when  we  came.  [Applause.H 

AMENDMENT   TO    THE    CONSTITUTION. 

Mr.  Charles  W.  Sherman.  A  circular  was  sent  out  with  the 
notice  of  this  meeting  calUng  attention  to  a  proposed  amendment 
to  the  constitution,  and  giving  the  reasons  therefor.  The  amend- 
ment proposed  is  as  follows: 

Strike  out  from  Section  2  the  following: 

"'  Which  shall  include  a  subscription  to  the  Journal  of  the  New 
England  Water  Works  Association." 

Add  a  new  section  as  follows : 

''  Section  4.  —  Three  dollars  of  the  dues  of  each  member  or 
associate,  or  such  portion  thereof  as  may  be  required,  shall  an- 
nually be  applied  to  payment  of  a  subscription  to  the  Journal  of 
the  New  England  Water  Works  Association." 

The  reason  for  this,  as  explained  in  the  circular,  is  to  satisfy 
the  postal  authorities,  and  at  the  same  time  save  a  great  deal  of 
clerical  work.    I  move  the  adoption  of  this  amendment. 

Adopted. 

engineers'    club   of  MONTREAL. 

Secretary  Kent  read  the  following  communication,  extending 
to  the  members  the  privileges  of  the  Engineers'  Club  of  Montreal. 

At  the  request  of  Mr.  T.  W.  Lesage  the  chairman  and  members  of  the  committee  of  the 
Engineers'  Club  have  the  honor  to  extend  to  Mr.  Willard  Kent  and  members  of  the  New 
England  Water  Works  Association  the  privilege  of  the  club-house  for  two  weeks. 

C.  DE  B.  Leprohon,  Secretary. 

On  motion  of  Mr.  Sherman,  a  vote  of  thanks  was  tendered  to 
the  Engineers'  Club  of  Montreal  for  their  invitation. 

the    ST.    LOUIS   EXPOSITION. 

Secretary  Kent  read  the  following  communication  from  the 
committee  of  the  American  Society  of  Civil  Engineers  on  the 
Universal  Exposition  to  be  held  in  St.  Louis  in  1904. 
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St.  Louis,  Mo.,  U.  S.  A.,  August  24,  1903. 
To  THE  New  Engl.\nd  Water  Works  Association, 
Boston,  Mass.: 

The  American  Society  of  Civil  Engineers  has  appointed  the  above-named  Committee  to 
represent  it  at  the  Universal  Exposition  to  be  held  at  St.  Louis  in  1904,  to  commemorate 
the  Louisiana  Purchase. 

It  is  the  purpose  of  this  committee  to  collect  and  present  an  exhibit  of  plans,  photographs, 
models,  and  descriptions  of  American  engineering  works,  principally  work  designed  by  mem- 
bers of  the  American  Society,  which  it  is  believed  will  be  of  great  interest  both  to  laymen 
and  engineers.  It  is  intended  also  to  make  the  heatlquarters  of  the  society,  which  will  be  in 
the  Liberal  Arts  Building,  a  center  of  information  as  to  other  exhibits  in  the  exposition  which 
may  be  of  engineering  interest.  There  will  also  be  a  register  which  wiU  help  one  to  find 
and  meet  his  friends,  and  it  is  hoped  that  the  headquarters  may  serve  as  a  rallying  point 
and  rendezvous  for  all  visiting  engineers. 

The  members  of  the  New  England  Water  Works  Association  are  cordially  invited  to 
avail  themselves  of  the  conveniences  to  be  provided  by  our  society  during  their  visit  to  St. 
Louis  and  the  exposition,  and  it  is  hoped  that  a  large  proportion  of  them  will  be  able  to  do 
so. 

By  order  of  the  Committee, 

H.  .1.  Pfeifer,  Secretary. 

On  motion  of  Mr.  Fels,  it  was  voted  to  extend  the  thanks  of 
the  Association  to  the  American  Society  of  Civil  Engineers  for 
their  communication  and  to  accept  their  invitation. 

NEW    MEMBERS    ELECTED. 

The  Secretary  read  the  following  names  of  applicants  for  mem- 
bership, all  of  whom  were  duly  recommended  by  the  Executive 
Committee. 

For  Resident  Member. 
.J.  J.  Desmond,  Lawrence,  Mass.,  President  Water  Board;  C. 
D wight  Sharpe,  Putnam,  Conn.,  Superintendent  Putnam  Water 
Works;  George  S.  Brown,  Danielson,  Conn.,  Superintendent ;  Tyler 
H,  Bird,  Belfast,  Me.,  Engineer,  Superintendent  and  Collector,  Bel- 
fast Water  Company;  Bernon  E.  Helme,  Kingston,  R.  L,  Manag- 
ing owner  water  supply  for  village  of  Kingston;  Phil  S.  Smith, 
Montpelier,  Vt.,  Superintendent  Montpelier  Water  Department; 
Charles  H.  Johnson,  Exeter,  N.  H.;  Joseph  M.  Birmingham, 
Hartford,  Conn.,  President  Board  of  Water  Commissioners;  Fred 
D.  Berry,  Hartford,  Conn.,  Secretary  Board  of  Water  Commis- 
sioners;  Jesse  M.  Shaw,  Hingham,  Mass.,  inspector  and  collector  for 
Hingham  Water  Co. ;  T,  Howard  Barnes,  C.  E.,  Medford,  Mass. ; 
Harvey  D.  Eaton,  Waterville,  Me. ;  A.  M.  French,  Holyoke,  Mass., 
Water  Commissioner. 
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For  Non-Resident  Member. 
H.  R.  C.  Blagden,  Alexandria,  Egypt,  Chief  Engineer  Alexan- 
dria Water  Works;  S.  A.  Stearns,  Granite,  111.,  Superintendent 
Water  Works  of  Granite  City,  Madison,  and  Venice;  W.  H.  Hum- 
phreys, York,  England,  Manager  and  Chief  Engineer  of  York 
Water  Works;  A.  E.  Woodward,  Wolverhampton,  England,  Chief 
Engineer  Wolverhampton  Water  Works;  Joseph  D.  Pointer,  Pa- 
latka,  Fla. ;  George  Janin,  Montreal,  Canada,  Superintendent  Mon- 
treal Water  Works;  Thomas  W.  Lesage,  Montreal,  Canada, 
Assistant  Superintendent  Montreal  Water  Works;  W.  E.  Lautz, 
Pekin,  111.,  Secretary  Pekin  Water  Works  Co. 

For  Associate. 

G.  Schumacher,  Second  Vice-President  New  York  Central 
Foundry  Co.,  New  York,  manufacturers  universal  cast-iron  water 
pipe;  William  M.  Rea,  Somerville,  Mass.,  salesman,  A.  W.  Chester- 
ton Co.;  Fred  C.  Gilford,  Waltham,  Mass. 

On  motion  of  Mr.  Fuller  the  Secretary  was  instructed  to  cast 
one  vote  in  favor  of  the  applicants,  which  he  did,  and  they  were 
declared  elected. 

On  motion  of  Mr.  Sherman  the  President  was  requested  to 
appoint  a  committee  of  five  to  nominate  candidates  for  officers 
for  the  next  year,  and  he  subsequently  named  the  following  as 
the  committee:  Frank  E.  Merrill,  F.  W.  Gow,  A.  E.  Martin. 
T.  G.  Hazard,  Jr.,  W.  E.  Hawks. 

The  afternoon  session  was  occupied  by  a  consideration  of 
matters  pertaining  to  the  Montreal  water  supply.  Mr.  George 
Janin,  superintendent  of  the  Montreal  Water  Works,  presented 
a  paper  giving  a  "  History  and  Description  of  the  Montreal 
Water  Works."  Following  the  reading  of  the  paper,  Mr.  Ham- 
mond, Mr.  Fred  Brooks,  Mr.  Metcalf,  Mr.  Frank  L.  Fuller,  Mr. 
Allen,  Mr.  Sherman,  Mr.  F.  W.  Dean,  and  others,  asked  questions 
which  elicited  from  Mr.  Janin  and  from  Mr.  Lesage,  the  assistant 
superintendent  of  the  Montreal  works,  an  elaboration  of  certain 
matters  suggested  by  the  paper. 

Mr.  T.  W.  Lesage  followed  with  a  paper  entitled  '''  Service 
Boxes  of  the  Montreal  Works." 

In  the  evening,  Mr.  Frank  L.  Fuller,  C.E.,  Boston,  gave  a 
description,   illustrated   by   stereopticon   views,   of   the   work   of 
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covering  the  Natick  reservoir  with  a  concrete  roof.  Mr.  Leonard 
Metcalf  opened  the  discussion  which  followed  the  reading  of  the 
paper,  reviewing  the  recent  developments  in  the  use  of  the  arch 
and  modifications  in  the  distribution  of  masonry  in  roofs.  Mr. 
William  B.  Fuller  spoke  on  the  strength  of  the  concrete 
groined  arch,  and  Mr.  F.  W.  Dean  also  participated  in  the  dis- 
cussion. 

Mr.  Henry  Goldmark  of  the  Canadian  Pacific  Railroad  extended 
to  the  members  of  the  Association  an  invitation  to  visit  the 
extensive  new  locomotive  and  car  shops  of  that  road. 

Thursday,    September    10. 

At  the  morning  session  on  Thursday,  Mr.  William  R.  Hill, 
chief  engineer  of  the  Croton  Aqueduct  Commission,  read  a  paper 
prepared  by  Mr.  John  Venner,  chief  inspector,  Bureau  of  Water, 
Syracuse,  N.  Y.,  on  ''  Municipal  Use  and  Waste  of  Water."  The 
paper  was  discussed  by  Messrs.  Harvey  D.  Eaton,  Leonard  Met- 
calf, Frank  L.  Fuller,  F.  W.  Dean,  and  Kenneth  Allen. 

Mr.  Charles  W.  Sherman  presented  a  paper  submitted  in 
print  by  Mr.  Frank  C.  Kimball,  superintendent  Knoxville 
Water  Company,  Knoxville,  Tenn.,  entitled,  "  Some  Six-Inch 
Meter  Tests  and  How  They  Were  Made."  Mr.  F.  H.  Crandall, 
who  witnessed  the  tests  as  a.  member  of  the  Committee  on 
Private  Fire  Protection,  gave  his  impressions  from  what  he  saw 
at  Knoxville.  On  motion  of  Mr.  Sherman  it  was  voted  to  extend 
the  -privileges  of  the  floor  to  any  associates  present  representing 
meter  companies,  and  in  response  to  an  invitation  Mr.  J.  A.  Tilden, 
who  was  present  at  Knoxville  when  the  tests  were  made,  spoke 
from  the  point  of  view  of  the  meter  manufacturers. 

The  next  business  was  the  consideration  of  the  report  of  the 
Committee  on  Apportionment  of  Charges  for  Private  Fire  Pro- 
tection and  the  Means  of  Controlling  the  Supply  Thereto,  which 
was  presented  by  Mr.  F.  H.  Crandall. 

Mk.  Crandall.  Your  committee  have  conducted  considerable 
(•()iTos])ondcncc  and  liave  had  some  meetings,  and,  as  you  all 
know, I  was  present  at  Knoxville  and  had  opportunity  to  discuss 
tiic  matter  with  Mr.  Kimball,  who  is  Mr.  Wheeler's  right-hand 
man.  and  I  rcganl  what  Mr.  Kimball  said  as  practically  what 
Mr.    Wheelei"  said.     Mi".  Tliomas  of  the  coininitlee  and  1  are  now 
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prepared  to   sign  a  report,  but   Mr.   Wheeler  is  detained,  for  the 
same  reason  that  Mr.  Kimball  is,  in  Knoxville. 

I  think  it  is  time  that  this  Association  should  give  an  expression 
of  its  opinion  on  this  subject.  I  do  not  think  it  is  necessary  to 
wait  for  the  development  of  different  meters  which  are  now  on  the 
market.  An  opinion  can  be  expressed,  and  we  have  a  report 
which  we  would  like  to  make,  and  if  you  wish  I  will  read  it  now. 
As  I  said  a  few  minutes  ago,  there  are  devices  which  we  hope  may 
prove  more  satisfactory  all  around  for  the  purpose  of  measuring 
water  used  for  fire  purposes  than  those  at  present  on  the  market. 
There  is  one  at  present  at  the  water-works  station  in  Burlington, 
which  will  be  tested  in  a  short  time  by  the  maker,  and  if  the  test 
turns  out  as  he  hopes  it  will,  and  as  we  all  hope  it  will,  he  will  no 
doubt  be  glad  to  have  later  tests  made  by  a  committee  of  this 
Association.     The  report  which  we  now  have  to  make  is  as  follows : 

REPORT  OF  COMMITTEE   ON 

APPORTIONMENT   OF  CHARGES   FOR   PRIVATE  FIRE  PROTECTION   AND 

THE   MEANS   OF   CONTROLLING  THE   SUPPLY  THERETO. 

Mr.  President  and  Gentlemen  of  the  New  England  Water  TT'o?-A:.s  Associa- 
tion, —  Your  Committee  on  Apportionment  of  Charges  for  Private  Fire 
Protection  and  the  Means  of  Controlling  the  Supply  Thereto  would  re- 
spectfully report  their  findings,  as  follows: 

A  large  part  of  the  expense  of  furnishing  private  fire  protection  is  on  account 
of  the  cost  of  mains,  reservoirs,  conduits,  pumping  machinery,  and  other 
requirements  of  the  service,  in  no  wise  dependent  upon  the  amount  of  water 
used,  and  varying  for  different  services  approximately  in  proportion  to  the 
capacity  designed  to  furnish  the  area  protected,  or  the  size  of  the  service. 

The  cost  of  furnishing  private  fire  service  has  also  been  found,  owing  to 
legitimate  use  and  waste,  always  present,  to  a  greater  or  less  degree,  to  vary 
with  the  quantity  of  water  used,  in  censequence  of  which  the  price,  to  some 
extent,  should  vary  v/ith  the  quantity  used.  The  only  way  to  accomplish 
this,  and  secure  a  reasonable  control  of  private  fire  services,  is  by  means  of 
meter  measurement,  and  a  charge  for  such  service,  in  the  determination  of 
which  the  extra  cost  of  increased  capacity  of  system  required  and  value  to 
the  user  should  not  be  overlooked. 

Except  for  the  fact  that,  under  certain  conditions,  the  water  company  or 
department  is  liable  not  to  receive  sufficient  compensation,  on  account  of  the 
inability  of  the  meter  to  register  correctly  small  streams,  there  are  several 
meters  suitable  for  this  use,  and  with  an  increased  demand  for  accurate 
measuring  devices  suitable  for  such  purposes  there  are  liable  to  be  several 
more. 
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Set  in  a  by-pass  around  a  gate,  accessible  to  any  one  to  open,  in  case  of  fire, 
and  which  it  shall  be  the  duty  of  the  water  department  to  see  opened,  under 
such  circumstances,  meters,  now  on  the  market,  can  meet  with  no  reasonable 
objection  except  from  the  water  departments,  and  will  probably  meet  bub 
little  from  that  source. 

On  every  fire  service,  beside  a  gate  for  the  exclusive  use  of  the  water  departs 
ment,  which  should  be  located  as  near  the  main  as  possible,  there  should  be  a 
cut-off  back  of  all  fixtures,  so  located  as  under  any  probable  combination  of 
circumstances  to  be  conveniently  accessible  for  the  use  of  the  premises. 

No  private  fire  line  should  be  allowed  larger  than  six  inches  in  diameter, 
and  this  size  only  when,  in  the  opinion  of  the  superintendent  or  manager  of 
the  water  department,  such  size  is  necessary  on  account  of  the  size  and  situa- 
tion of  the  property  requiring  the  private  fire  line,  provided,  however,  that 
no  private  fire  line  of  any  size  should  be  permitted  that  will,  when  all  avaUalile 
protection  from  such  line  is  being  utilized,  reduce  the  normal  pressure  in  the 
supplying  main  more  than  one-third. 

The  furnishing  of  private  fire  protection  free,  while  charging  a  fixed  rate 
for  a  smaller  service,  whether  water  be  used  from  same  or  not,  is  creating  an 
arbitrary  distinction  in  favor  of  the  one  and  against  the  other  taxpayer, 
which  cannot  be  justified  as  classification,  in  that  it  denies  the  essential 
impartial  treatment  guaranteed  by  the  law  to  all  citizens. 

It  matters  not  that  the  private  fire-protected  plant  of  a  wealthy  corporation 
is  an  advantage  to  the  community,  Inasmuch  as  it  is  an  advantage  to  the 
corporation  served  and  an  expense  to  the  water  works,  it  should,  by  all  the 
principles  of  common  law  and  common  honesty,  bear  its  fair  share  of  the 
expense  incident  to  the  service. 

All  of  which  is  respectfully  submitted, 

F.   H.   Grand  ALL, 
R.  J.  Thomas. 

Mr.  J.  W.  GoODELL.  For  the  purpose  of  bringing  the  matter 
before  the  Association,  that  a  vote  may  be  had  upon  it,  I  move 
that  the  report  of  the  committee  be  accepted  and  adopted  so  far 
as  made  and  the  committee  continued.  I  think  it  will  be  for  the 
interests  of  the  Association  to  continue  the  committee,  so  that  it 
may  obtain  further  material  to  be  submitted  to  us  at  some  later 
date.     Adopted. 

Mr.  F.  H.  Pitcher,  cliief  engineer  of  the  Montreal  Water  & 
Power  Co.,  Montreal,  Canada,  then  submitted  a  paper  entitled, 
"Pumping  by  Electricity." 

ELECTION    OF   MEMBERS. 

W.  C.  Leitch,  Superintendent  Montreal  Water  &  Power  Co., 
and  F.  K.  Bixbie,  Superintendent  Water  Works,  Lindsay,  Ontario, 
were  elected  non-resident  members. 
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.  At  the  afternoon  session,  Mr.  M.  F.  Collins,  Superintendent  of 
Water  Works,  Lawrence,  Mass.,  gave  a  description,  illustrated  l)y 
stereopticon  views,  of  the  filter  plant  at  Lawrence;  and  the  Hon. 
John  O.  Hall  of  Quincy,  Mass.,  read  a  paper  entitled,  "  The 
Reciprocal  Obligation  of  the  Management  of  a  Water  Supply 
and  the  Community."  The  President  and  Mr.  F.  H.  Crandall 
spoke  upon  matters  suggested  by  the  paper. 

At  the  opening  of  the  evening  session,  Mr.  Henry  F.  Jenks,  for 
the  Committee  on  Exhibits,  reported  that  the  exhibitors  had  been 
as  follows : 

1.  Pittsburg  Meter  Co.,  Pittsburg,  Ga.,  Keystone  Meters. 

2.  Ross  Valve   Co.,   Troy,   N.   Y.,   Reducing  Valves,   Water 
Engines  and  Filters. 

3.  Hersey  Mfg.  Co.,  South  Boston,  Mass.,  Water  Meters  and 
Water  Works  AppUances. 

4.  A.  W.  Chesterton  &  Co.,  Boston,  Mass.,  Steam  Packings 
and  Engineers'  Supplies. 

5.  Thomson  Meter  Co.,  Brooklyn,  N.  Y.,  Samples  of  Lambert 
Water  Meters  and  also  the  Lambert  Typewriter. 

6.  Ashton  Valve  Co.,  Boston,  Mass.,  Safety  Valves,  Pressure 
Gages,  Water  Gages,  and  Steam  Whistles. 

7.  Lamb   &   Ritchie,   Cambridgeport,    Mass.,  Tin-Lined   and 
Lead-Lined  Pipe. 

8.  Union  Water  Meter  Co.,  Worcester,  Mass.,  Water  Meters. 

9.  H.  Mueller  Mfg.  Co.,  Decatur,  111.,  Water  Main  Tapping 
Machine  and  Water  Works  Appliances. 

10.  Lead-Lined  Iron  Pipe  Co.,  Wakefield,  Mass.,  Lead  and 
Tin-Lined  Pipe  and  Fittings. 

11.  Neptune  Meter  Co.,  Long  Island  City,  N.  Y.,  Trident  and 
Crescent  Meters. 

12.  Central  Foundry  Co.,  New  York  City,  New  Water  Pipe; 
Joints  Made  without  Packing. 

13.  Greenwood  &  Daggett  Co.,  Boston,  Mass.,  Steam  Packing. 

14.  Henry  R.  Worthington,  Meters. 

ELECTION    OF    MEMBERS. 

Mr.  James  Laurin,  Civil  Engineer,  Montreal,  was  elected  a  non- 
resident member. 

]\Ir.  Leonard  Metcalf  of  Boston  gave  a  very  interesting  descrip- 
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tion,  illustrated  by  lantern  slides,  of  a  trip  across  Porto  Rico. 
Frederick  Brooks,  C.E.,  of  Boston,  spoke  on  "  The  Folly  of  Reck- 
oning by  Gallons  which  Differ  Widely  in  Canada  and  the  United 
States,  while  Both  Countries  Have  Identical  Liters  and  Cubic 
Meters." 

The  report  of  the  Committee  on  Uniform  Statistics  being  called 
for,  Mr.  Joseph  E.  Beals,  chairman  of  the  committee,  said  that 
it  had  none  to  make. 

Mr.  Leonard  Metcalf.  It  seems  to  me  that  the  work  of  this 
committee  is  not  quite  complete,  and  I  would  move  that  it  be 
continued.  This  question  of  uniform  statistics  is  coming  up  in 
various  ways;  I  might  refer  particularly  to  a  general  system  of 
municipal  accounting,  and  I  think  it  might  be  of  advantage  to  the 
Association  to  continue  the  committee  in  existence  so  it  may 
recommend  such  action  as  would  seem  to  be  wise  for  the 
Association  to  take  in  any  such  direction. 

Mr.  Kent.  I  think  it  was  the  understanding  when  the  com- 
mittee was  appointed  that  it  should  be  continued  indefinitely,  or 
at  least  for  a  long  time.     Isn't  that  so,  Mr.  Sherman? 

Mr.  Charles  W.  Sherman.  At  the  time  we  were  continued 
last  year  the  committee  had  reported  the  changes  that  we  thought 
desirable  in  the  standard  form  of  summarizing  statistics,  and 
suggested  that  a  form  for  summarizing  purification  statistics 
ought  to  l)e  prepared,  but  that  we  had  not  at  that  time  been  able 
to  prepare  such  a  summary,  although  we  had  done  some  work 
towards  it,  and  we  asked  to  be  continued  with  authority  to  try 
the  form  that  we  should  draw  up.  The  preparation  of  such  a  tem- 
porary or  experimental  form  of  statistics  of  purification  works  was 
left  to  a  sub-committee,  consisting  of  Mr.  Baker  and  myself. 
Neither  of  us  has  done  anything  on  the  matter.  We  still  have 
some  hopes  that  such  a  schedule  may  be  prepared,  although  I 
confess  that  at  the  present  moment  the  hope  is  not  so  sanguine  as 
it  formerly  was.  There  is,  however,  a  possibility,  as  Mr.  Metcalf 
has  suggested,  that  in  these  days  of  the  consideration  of  uniform 
municipal  accounting  and  other  matters  of  that  sort  by  various 
organizations,  not  merely  water- works  organizations,  but  others 
having  municipal  matters  in  consideration,  some  questions  may 
come  up  where  conskleration  by  committees  of  different  societies 
would  be  (lesiral)le,  and  consequently  there  might  be  something 
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gained,  outside  of  the  possible  formulation  of  the  schedule  of 
purification  statistics,  by  having  the  committee  continued.  At 
any  rate,  we  cannot  do  any  less  than  we  have  done  the  past  year, 
and  certainly  no  harm  can  be  done. 

Mr.  Metcalf's  motion  to  continue  the  committee  was  adopted, 
and  the  convention  then  adjourned. 


November  Meeting. 

Hotel  Brunsavick, 
Boston,  November  11,  1903. 
President  Charles  K.  Walker  in  the  chair. 
The  following  members  and  guests  were  present : 

Members. 
S.  A.  Agnew,  C.  H.  Baldwin,  L.  M.  Bancroft,  T.  H.  Barnes,  J.  E.  Beals, 
George  Bowers,  Dexter  Brackett,  E.  C.  Brooks,  Fred.  Brooks,  G.  A.  P.  Buck- 
nam,  L.  Z.  Carpenter,  George  Cassell,  G.  F.  Chace,  J.  C.  Chase,  F.  C.  Coffin, 
R.  C.  P.  Coggeshall,  M.  F.  Collins,  W.  R.  Conard,  J.  W.  Crawford,  G.  E. 
Crowell,  F.  W.  Dean,  A.  O.  Doane,  G.  E.  Evans,  B.  R.  Felton,  C.  R.  Felton, 
J.  N.  Fergerson,  J.  A.  Fitch,  W.  E.  Foss,  A.  D.  Fuller,  F.  L.  FuUer,  W.  B. 
FuUer,  H.  F.  Gibbs,  Albert  S.  Glover,  J.  O.  Hall,  J.  D.  Hardy,  L.  M.  Hastings. 
V.  C.  Hastings,  T.  G.  Hazard,  Jr.,  D.  A.  Heffernan,  H.  G.  Holden,  W.  E. 
Johnson,  E.  W.  Kent,  Willard  Kent,  G.  A.  King,  A.  A.  Knudson,  C.  F.  Knowl- 
ton,  E.  S.  Larned,  F.  A.  Mclnnes,  H.  V.  Macksey,  W.  E.  Maybury,  F.  E. 
Merrill,  Leonard  Metcalf,  F.  L.  Northrop,  W.  H.  Richards,  W.  W.  Robert- 
son, E.  M.  Shedd,  E.  W.  Shedd,  J.  H.  Shedd,  C.  W.  Sherman,  H.  O.  Smith, 
G.  H.  Snell,  G.  A.  Stacy,  G.  T.  Staples,  J.  T.  Stevens,  J.  J.  SuUivan,  C.  N. 
Taylor,  R.  J.  Thomas,  H  L  Thomas.  W.  H.  Thomas,  J.  L.  Tighe,  G.  W. 
Tra^is,  W.  H.  Vaughn,  C.  K.  Walker.  R.  S.  Weston,  J.  C.  Whitney,  W.  P. 
Whittemore,  G.  E.  Wilde,  F.  I.  Winslow,  G.  E.  Winslow.  —  79. 

Associates. 

Builders'  Iron  Foundry,  by  Frederick  N.  Connet;  Chapman  Valve  Mfg.  Co., 
by  Edward  F.  Hughes;  Charles  A.  Claflin  &  Co.,  by  Charles  A.  Claflin;  Coffin 
Valve  Co.,  by  H.  L.  Weston;  Garlock  Packing  Co.,  by  Edward  N.  Corning; 
Greenwood  &  Daggett  Co.,  bv  W.  H.  .Greenwood;  Hersey  Mfg.  Co.,  by  Albert 
S.  Glover,  James  A.  Tilden,  and  Walter  A.  Hersey;  Henry  F.  Jenks;  Lead- 
Lined  Iron  Pipe  Co.,  by  T.  E.  Dwyer;  H.  Mueller  Mfg.  Co.,"  by  W.  L.  Dickel; 
National  Meter  Co.,  by  Charles  H.  Baldwin  and  J.  G.  Lufkin;  Neptune  Meter 
Co.,  by  W.  H.  Van  Winkle  and  H.  H.  Kinsey;  Perrin,  Seamans  &  Co.,  l3_y 
James  C.  Campbell;  Rensscnlaer  Mfg.  Co.,  by  Fred  S.  Bates;  Sumner  &  Good- 
win Co.,  by  H.  A.  Gorham;  Sweet  tt  Doyle,  by  H.  L.  De Wolfe;  Thomson 
Meter  Co.,  by  S.  D.  Higley;  Union  Water  Meter  Co.,  by  F.  L.  Northrop; 
United  States  Cast  Iron  Pipe  <t  Foundry  Co.,  by  Wm.  B.  Franklin.  —  23. 
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Guests. 
Randolph  T.  Ode,  Providence  Engineering  Works,  Providence,  R.  I.; 
Frank  L.  Weaver  and  R.  J.  Crowley,  Water  Commissioners,  Lowell,  Mass.; 
E.  M.  Peck,  Engineer,  Hartford,  Conn.;  R.  E.  Walsh,  Water  Registrar, 
Wobum,  Mass.;  Albert  F.  Hill,  Superintendent  Pawtuxet  Valley  Water 
Co.,  Phenix,  R.  I.  —  6. 

The  following  named  were  elected  resident  members : 

William  T.  Barnes,  Boston,  Hydraulic  and  Sanitary  Engineer; 
Ennan  Miland  Peck,  West  Hartford,  Conn.,  Distribution  Engineer 
of  the  Hartford  Water  Works;  Albert  F.  Hill,  Phenix,  R.  I., 
Superintendent  of  the  Pawtuxet  Valley  Water  Works  Company. 

Mr.  J.  Herbert  Shedd  then  presented  a  paper  entitled,  "  Requi- 
site Amount  of  Water  for  Public  Supply."  A  long  discussion  fol- 
lowed, which  was  participated  in  by  Messrs.  Holden,  Winslow, 
Hastings,  Chace,  Taylor,  Albert  F.  Hill,  Larned,  Richards,  Cogge- 
shall,  Robertson,  Robert  J.  Thomas,  Edwin  C.  Brooks,  Connet,. 
Brackett,  Foster,  and  Dean. 

Mr.  Francis  W.  Dean  presented  a  paper  entitled  "  Pumping 
Engines." 

Adjourned.  "   . 


EXECUTIVE   COMMITTEE. 

The  Executive  Committee  met  at  headquarters,  Tremont 
Temple,  at  12  m.,  November  11,  1903,  Vice-President  Brooks  in 
the  chair,  and  present,  also,  Messrs.  Willard  Kent,  E.  W.  Kent, 
L.  M.  Bancroft,  G.  A.  Stacy  and  C.  W.  Sherman.  Three  appli- 
cations for  membersliip  were  considered,  and  it  was  voted  to 
recommend  the  applicants  to  the  Association  for  election. 

Adjourned. 

Willard  Kent,  Secretary. 
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REQUISITE     AMOUNT    OF     WATER    FOR    A    PUBLIC 
SUPPLY. 

BY  J.     HERBERT   SHEDD,  CONSULTING  ENGINEER,   PROVIDENCE,  R.  I. 
[Read  November  l\,  1903.] 

The  useless  waste  of  water  is  a  serious  loss  and  expense  in  nearly 
every  community  having  a  public  water  supply. 

If  any  possible  good  could  be  accomplished  by  it  some  show  of 
defence  might  be  advanced  for  the  practice,  but  it  seems  to  be  a 
loss  and  evil  in  every  way.  It  has  been  suggested  that  the  sewers 
are  benefited  by  this  flow  of  water,  but  the  advantage,  if  any, 
in  that  respect  is  more  than  offset  by  the  need  of  greater  capacity 
in  the  sewer  channels.  A  very  small  percentage  of  this  waste  if 
applied  in  flushing  the  sewers  would  be  greatly  more  useful.  An 
effort  is  usually  made,  in  designing  and  building  sewers,  to  keep 
out  the  ground  water,  but  clearly  the  ground  water  would  serve 
fully  as  good  a  purpose  as  a  cleansing  medium  as  the  waste  from 
the  water  works,  and  an  additional  advantage  would  come  from 
its  admission  in  the  lowering  of  the  water  table  about  the  founda- 
tions and  the  cellars  of  the  buildings. 

A  liberal  use  of  water  ought  to  be  provided  in  every  family  to 
insure  cleanliness  and  every  sanitary  advantage,  and  an  abundant 
flow  everywhere  for  such  purposes,  and  a  liberal  supply  for  all 
other  legitimate  objects,  should  be  classed  as  use;  but  beyond 
this  the  waste  is,  I  think,  an  unmixed  evil. 

Of  the  volume  of  water  ordinarily  supplied  to  a  distribution 
system,  much  the  larger  portion,  often  reaching  two-thirds  or  more 
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of  the  amount  supplied,  is  uselessly  wasted,  and  only  a  smaller 
portion  is  applied  to  any  beneficial  purpose.  Such  a  condition 
ought  not  to  exist,  and  it  would  seem  to  be  the  duty  of  every  per- 
son having  a  position  of  authority  in  relation  to  a  public  supply 
to  endeavor  to  limit  the  expenditure  to  that  which  will  secure 
useful  results,  and  to  check  or  stop  the  reckless  waste  of  money 
which  now  prevails. 

The  essential  conditions  for  limiting  a  supply  of  water  to  useful 
purposes  may  be  stated  as  follows: 

1.  A  tight  distribution  and  service  system. 

2.  A  proper  system  of  water  rates,  inducing  the  water  takers  to 
desire  the  use  of  meters  and  not  be  opponents  of  their  use. 

3.  The  measurement  of  all  water  drawn  by  takers  and  payment 
in  proportion  to  volume.  As  an  incident  to  this  a  determination 
of  the  supply  required  for  various  uses  is  desirable. 

4.  Watchfulness  on  the  part  of  those  in  charge  of  the  works  to 
detect  and  remedy  any  abnormal  conditions  in  the  supply. 

First.  —  Upon  works  already  estabhshed,  but  little  can  be 
done  to  increase  the  tightness  of  the  distribution  and  service 
systems  except  by  repairs  and  renewals;  but  as  very  few  systems 
are  finished,  the  extensions  may  be  made  in  a  way  to  secure  reason- 
ably tight  work.  To  this  end  the  street  mains  should  be  made 
under  proper  specifications  as  to  shapes  and  quality,  and  these 
should  be  enforced  by  proper  and  rigid  inspection,  at  the  foundry, 
by  inspectors  whose  decisions  cannot  be  warped  in  the  interest 
of  the  pipe  contractors.  The  shapes  and  dimensions  of  the  bells 
rand  spigots  are  important  elements  in  securing  tight  work.  My 
experience  leads  me  to  the  belief  that  as  a  rule  the  bells  of  water 
pipes  are  made  too  deep.  In  the  city  of  Providence,  where  there 
are,  now  about  340  miles  of  distribution  pipes  in  service,  and  form- 
ing an  extremely  tight  system,  the  bells  are  2  inches  deep  for  the 
6-inch  pipes  and  regularly  increasing  in  depth  to  4  inches  for  the 
36-inch  pipes  (see  Fig.  1).  These  straight  pipes  can  be  laid  on 
sharper  curves  without  affecting  the  tightness  of  the  joint  than 
would  be  possible  with  the  deeper  bells.  These  shallow  bells  have 
been  in  use  on  the  system  for  about  thirty-three  years,  and  I  be- 
lieve no  one  having  experience  with  them  would  be  willing  to  use 
in  their  place  the  ordinary  deeper  bells.  The  specifications  under 
which  they  are  made  require  accurate  work  as  to  their  form.    In  all 
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Fig.  1.     Providence  Patterx  of  Water-Pipe  Bells  axd  Spigots. 
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respects  the  specifications  and  inspection  have  been  very  rigid,  but 
the  city  of  Providence  can  buy  its  water  pipes  at  the  lowest  prices 
notwithstanding  the  requirements.  The  foundries  seem  to  seek 
the  city's  orders,  for  the  reason  possibly  that  they  know  that 
while  they  will  be  held  strictly  to  the  contract  they  will  receive 
fair  treatment  from  experienced  men,  and  a  certain  foreknowl- 
edge of  that  fact  outweighs  any  extra  care  their  operatives  are 
put  to,  to  turn  out  perfect  pipe. 

In  addition  to  the  inspection  at  the  foundries  there  should  be 
careful  and  faithful  inspection  of  the  pipes  as  they  are  received 
at  the  pipe  yard,  especially  to  discover  any  faint  cracks  which 
may  have  developed  in  transportation 

The  proper  wddths  and  proper  compacting  of  the  gaskets  and 
the  lead  in  the  joints  is,  of  course,  important. 

The  tightness  of  the  service  pipes  in  Providence  is  secured  by 
requiring  the  best  materials  and  the  best  workmanship.  Before 
the  mixture  forming  the  bronze,  for  making  the  taps  and  stops 
was  determined  upon,  a  large  number  of  experiments  was  made 
upon  various  bronzes,  and  a  mixture  securing  toughness,  strength, 
tightness,  and  ease  of  working  in  the  shops,  so  far  as  these  could  be 
combined,  was  selected.  The  work  upon  the  tap,  service  pipe,  and 
stop,  forming  a  service,  was  done  by  the  regular  employees  in  the 
shop  at  the  pipe  yard  of  the  department,  and  the  tap  was  set  in 
the  street  main,  and  the  service  pipe  laid,  bj^  the  department  men. 

Second.  — ■  The  system  of  water  rates  should  be  based  on  the 
opportunity  of  each  taker  to  waste  water  —  that  is,  upon  the 
number  and  character  of  the  fixtures.  This  matter  is  discussed 
further  under  the  third  head.  The  size  of  service  pipe  should  be 
based  on  the  requirement  for  dehvering  useful  water.  A  diagram 
giving  the  loss  of  head  resulting  from  delivering  certain  quanti- 
ties of  water  through  the  taps,  service  pipes,  and  stops  of  different 
sizes  and  for  various  lengths  of  pipe  is  a  valuable  aid  in  fixing  the 
sizes  of  service  pipes  to  be  laid  for  takers.  Such  a  diagram  (Fig. 
2)  was  made  at  the  beginning  of  the  delivery  of  water  in  Provi- 
dence, and  its  value  has  been  demonstrated  continuously.  Cases 
sometimes  occur  in  which  it  is  appropriate  to  insert  a  diaphragm 
in  the  tap  having  a  hole  of  suitable  size  through  it  to  deliver,  with- 
out undue  loss  of  head,  all  the  water  which  can  be  made  useful, 
but  which  would  serve  to  throttle  an  excessive  draft. 
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Third.  —  The  measurement  of  the  amount  of  water  delivered 
to  a  taker  forms  the  only  just  basis  for  the  payment  of  a  water 
rate.  The  advantage  of  a  system  of  water  supply  for  the  general 
protection  against  fire  is  a  proper  cause  for  a  public  tax,  and, 
generally,  this  should  yield  about  half  the  revenue  for  a  system 
of  water  works.  Other  public  and  general  uses  may  also  be  pro- 
vided for  by  a  tax  upon  the  whole  community,  but  the  private 
consumer  should  pay  according  to  the  quantity  of  water  he  uses, 
with  a  proper  provision  for  a  minimum  rate. 

Excellent  means  of  measurement  are  now  available  both  for 
large  and  for  small  amounts.  The  Venturi  meter  has  been  of  great 
value  in  measuring  large  supplies,  whether  in  gaging  supplies  to 
the  whole  of,  or  to  portions  of,  a  system  of  distribution.  Other 
meters  of  various  forms,  suitable  and  not  too  expensive,  are  now 
available  for  ordinary  takers.  There  is  therefore  no  sufficient 
objection,  because  of  cost  or  uncertainty,  to  basing  a  water  rate 
on  the  volume  of  water  supplied,  especially  as  the  cost  of  the 
supply  is  largely  dependent  on  the  volume. 

It  seems  to  be  popularly  assumed  that  waste  cannot  be  pre- 
vented, because  it  is  not  in  human  nature  to  submit  to  the  sort  of 
control  necessary  to  limit  the  supply  to  useful  purposes.  But 
human  nature  does  submit  when  properly  treated,  for  we  have 
several  examples  in  New  England  of  a  contented  community  feel- 
ing that  it  has  an  abundant  and  free  supply  of  all  the  water  it 
cares  to  take  and  yet  its  per  capita  supply  is  far  below  that  fur- 
nished to  other  communities  similarly  situated  and  of  similar 
character.  Whether  human  nature  will  submit,  may  depend  upon 
how  it  is  approached. 

The  city  of  Providence  in  Rhode  Island  is  one  of  these  com- 
munities that  submits  to  the  limiting  of  waste,  and  if  there  is 
another  people  more  imbued  with  the  rights  of  soul  liberty  and 
individual  freedom  to  do  as  one  pleases  with  what  is  his  own  I 
have  failed  to  find  it.  Possibly  the  community  may  not  know 
that  it  is  submitting. 

The  city  is  preeminently  a  manufacturing  place,  and  has  m^ny 
large  users  of  water.  An  examination  of  the  experience  of  the 
Water  Department  of  Providence  would  therefore  seem  to  be 
useful.  I  will  take  this  city  as  an  example  illustrating  a  method 
of  satisfying  the  water  takers,  and  as  showing  the  amount  of 


water  required  for  a  public  supply.  It  seems  to  be  appropriate 
also  that  I  should  do  so  because  of  m}^  familiarity  with  the  condi- 
tions obtaining  in  it.  I  was  the  designing  and  constructing 
engineer  while  the  works  were  building,  occupying  a  period  of 
about  seven  years,  during  about  five  of  which  water  was  supplied 
to  takers  numbering  at  completion  over  a  hundred  thousand 
people.  And  after  an  interval  of  about  thirteen  years  I  again 
came  into  the  department  as  city  engineer  for  another  period  of 
seven  years,  at  the  end  of  which  time  the  water  takers  numbered 
about  one  hundred  and  sixty-five  thousand.  My  advice  was 
followed  in  the  beginning  in  fixing  a  basis  or  scheme  according  to 
which  the  revenue  to  be  claimed  from  takers  should  be  ascertained 
and  controlled  and  economy  of  supply  secured. 

As  a  basis  for  determining  the  amount  to  be  paid  for  water  by 
takers,  when  it  was  not  to  be  measured  by  meter,  the  opportunity 
to  waste  water  was  considered  to  be  of  the  greatest  importance. 
More  water  being  wasted  than  used,  the  means  of  wasting  water 
should  govern  the  rental.  Tliis  led  to  a  schedule  based  upon  the 
fixtures  connected  with  the  water  pipes.  Naturally  the  well-to-do, 
under  this  schedule,  would  pay  more  than  the  poor  in  pro- 
portion to  the  amount  of  water  actually  used,  but  a  very  impor- 
tant point  was  gained  in  the  inducement  offered  to  those  who  had 
many  fixtures,  to  put  in  and  maintain  at  their  own  expense  meters 
for  measuring  the  water  taken  by  them.  The  water  takers  thus 
became  the  advocates  of  meters,  and  nearly  all  the  meters  on  the 
works,  numbering  now  nearly  twenty  thousand,  or  nearly  85  per 
cent,  of  all  the  services,  have  been  appHed  at  the  request  of  the 
water  takers.  Possibly  one  quarter  of  one  per  cent,  are  excep- 
tions, but  probably  the  exceptions  are  less  even  than  this-  small 
number. 

When  the  rates  were  fixed  the  price  for  measured  water  was  the 
common  one,  at  that  time  in  New  England,  of  three  cents  per 
hundred  gallons,  and  it  was  thought  that  ten  dollars  per  year 
would  pay,  at  that  rate,  for  all  the  water  that  would  be  legiti- 
mately used  by  an  ordinary  family.  It  was  important  for  sani- 
tary reasons  that  no  person  should  be  restricted  in  the  liberal  use 
of  water,  and  therefore  a  minimum  rate  was  fixed  so  that  no  temp- 
tation should  exist  to  lessen  the  real  use  of  water,  but  only  to 
prevent  waste.     The  minimum  charge  of  ten  dollars  per  year  was 
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therefore  fixed  for  all  who  took  measured  water.  That  this  was 
a  fair  estimate  was  proved  by  experience.  Fifteen  years  after 
the  delivery  of  water  began  about  one  half  of  all  the  families 
suppUed  by  meter  were  paying  the  minimum  rate,  which  entitled 
them  to  91.32  gallons  of  water  per  family  per  day  or,  upon  the 
basis  of  five  persons  per  family,  to  18.26  gallons  per  capita.  It 
was  noticed  for  many  years  that  a  large  portion  of  the  famiUes 
supplied  by  meter  did  not  draw  more  than  about  five  dollars' 
worth  per  year.  It  is  to  be  remembered  that  the  poorer  people  are 
excluded  from  this  hst.  They  were  generally  supplied  by  one 
faucet  at  six  dollars  per  year.  It  was  only  those  who  were  sup- 
plied with  extra  fixtures  for  their  convenience  who  had  an  object 
in  paying  for  and  maintaining  a  meter,  and  they  could  have  no 
selfish  incentive  to  save  the  water  within  the  value  of  ten  dollars 
per  year.  They  used  all  they  wanted,  but  they  did  not  waste  the 
water. 

In  1888,  seventeen  years  after  the  introduction  of  water,  an 
analysis  was  made  of  the  accounts  of  water  takers  through  meters 
to  determine  the  relative  numbers  of  those  using  water  within  the 
minimum  rate  and  also  those  using  water  amounting  to  other 
annual  suras.  Of  those  who  were  paying  the  minimum  rate,  I 
have  examined  the  accounts  of  2  553  families  to  learn  the  amounts 
of  water  drawn  by  each,  and  I  have  found  that  - — 

Which  at  5 
persons  per  family 

=  6.15  gals,  per  capita 
=  8.20  gals,  per  capita 
=10.25  gals,  per  capita 
=  12.30  gals,  per  capita 
=  14.35  gals,  per  capita 
=  16.40  gals,  per    capita 


167  families  drew 

Per  annum. 

Gals,  per 
day  per  tap 

less  than 

1  500  cu. 

ft. 

=  30.742 

237  families  drew 

the  previous 
amount  but 

less  than 

2  000  cu. 

ft. 

=40.989 

361  families  drew 

*the  previous 
amount  but 

less  than 

2  500  cu. 

ft. 

=51 .  236 

445  families  drew 

the  previous 
amount  but 

less  than 

3  000  cu. 

ft. 

=61.484 

446  families  drew 

the  previous 
amount  but 

less  than 

3  500  cu. 

ft. 

=71.731 

462  families  drew 

the  previous 
amount  but 

less  than 

4  000  cu. 

ft. 

=81.978 

Gals,  per 
day  per  tap 


Which  at  5 
persons  per  family 


435   families  drew 
the  previous 
amount  but 
less  than 


4  457  cu.  tt. 


=91.324         =18.27  gals,  per    capita 


Twenty-five  hundred  and  fifty-three  families  of  a  good  class 
are  thus  shown  to  be  using  only  from  six  to  eighteen  gallons 
of  water  per  capita  per  day,  and  the  number  of  famihes  using 
even  the  least  amount  is  too  great  to  be  put  one  side  as 
abnormal.  Some  of  the  families  using  the  smaller  quanti- 
ties are  known  to  me  to  be  lil)cral  in  all  their  ways  of  hving 
and  not  economical  to  the  extent  of  stinting  themselves  in  any 
comfort  or  convenience.  I  think  it  is  probable  that  the  rea- 
son why  some  families  use  more  than  others  is  largely  because 
of  outside  uses,  like  watering  lawns,  use  in  stables,  greenhouses, 
etc.,  and  because  there  are  more  members  in  the  families.  The 
amount  of  ground  around  the  dwelhngs  of  Providence  is  unusually 
large.  To  illustrate  the  effect  of  outside  uses  on  the  quantity 
of  water  drawn  I  will  instance  the  bills  for  eight  successive  years 
of  the  use  of  water  at  my  own  house,  where  the  variation  was 
almost  solely  caused  by  use  on  my  large  lawn.  There  were  six 
to  seven  persons  in  the  family,  water  in  set  fixtures  on  four  floors, 
in  modern  conveniences,  and  a  stable  supplied  through  the  house 
meter.  The  meter  rate  during  this  period  was  2^  mills  per  cubic 
foot,  or  3  cents  per  100  gallons.    The  amounts  of  the  bills  were  — 


1st  year 

$10.52 

5th  year 

$18.-36 

2d       „ 

47.21 

6th     „ 

18.05 

3d       „ 

28.25 

7th     „ 

17.87 

4th     „ 

56.50 

8th     „ 

4  4.. 59 

This  represents  a  per  capita  use  for  one  year  of  say  80  gallons, 
and  I  suppose  it  was  all  used  and  not  wasted,  but  it  could  hardly 
be  classed  as  domestic  or 'family  use. 

For  an  illustration  of  the  relative  number  of  meters  passing  dif- 
ferent quantities  of  water  for  all  uses,  I  will  instance  the  analysis 
in  Providence,  in  1888,  to  which  I  have  previously  alluded.  The 
number  of  meter  accounts  was  7  074,  which  are  set  out  below  in 
eleven  classes. 
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Number 

A  mount 

Class. 

of 

of  revenue 

accounts. 

received. 

inimum  charge  ($10) 

2  681 

$26   810.00 

$10  to 

$15 

]   542 

19  028.64 

15  to 

20 

887 

15  343.82 

20  to 

30 

861 

20  725.10 

30  to 

40 

393 

13  610.25 

40  to 

50 

176 

7  856.98 

50  to 

100 

294 

19  598.41 

100  to 

300 

161 

23  486.83 

300  to 

500 

36 

11  766.39 

500  to  1  000 

30 

14  766.53 

1  000  and 

excess 

13 

7  074 

12  577.89 

$185  570.84 

At  the  time  this  analysis  was  made,  a  shding  scale  of  discount 
was  in  operation  as  follows: 


10%  discount  on  excess  over        $50  to 

$100 

20%c)         ,.          „        „         „             100  „ 

300 

30%        „          „        „         „            300  „ 

500 

40%         „          „        „         „            500  „ 

1   000 

50%        „          „        „         „        1  000 

This  was  afterwards  changed  to  a  uniform  rate  of  1^  mills  per 
cubic  foot,  or  2  cents  per  100  gallons,  subject  to  a  discount  of  25 
per  cent,  for  amounts  in  excess  of  $600  per  year  in  value.  The 
accounts  were  classified  according  to  the  gross  charge,  and  the 
revenue  is  given  after  the  discount  has  been  deducted,  which 
accounts  for  the  apparent  discrepany  in  the  statements  under 
classification  and  those  under  revenue ;  for  instance,  the  13  accounts 
given  as  exceeding  $1  000  amounted  in  gross  to  $20  085.80  and 
the  sum  of  the  discounts,  at  various  stages,  amounted  to  $7  507.91, 
which  deducted  leaves  $12  577.89,  the  sum  stated  under  revenue. 

At  the  present  time  there  are  nearly  twenty  thousand  meters 
in  use,  and  of  the  rest  of  the  services,  say  three  thousand  five  hun- 
dred in  number,  all,  probably,  but  about  one  per  cent.,  are  for 
supply  to  families  using  a  single  faucet,  or  two.  The  use  of  water 
from  these  services  is  satisfactory  to  the  department,  and  it  is 
believed  from  reports  of  the  inspectors  that  no  waste  of  conse- 
quence occurs. 

Probably  five  sixths  in  number  of  all  the  services  are  used  to 
supply  families,  and  about  half  the  services  supply  takers  at  the 
minimum  meter  rate  or  less,  but  there  are  very  large  takers  on 
the  system,  and  I  believe  that  the  proportion  of  the  volume  of 
water  per  capita  used  for  other  purposes  tliun  family  use  is  greater 
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than  in  most  of  the  other  cities  of  the  country.  One  taker,  the 
railroad,  draws  about  450  000  gallons  per  day,  a  public  institu- 
tion draws  about  250  000  gallons  per  day,  and  the  electric  light 
company  draws  about  200  000  gallons  per  day.  There  are  fifty- 
two  private  takers  who  pay  a  water  rate  of  more  than  a  thousand 
dollars  per  year  each.  Of  course  these  large  takers  run  up  the 
per  capita  use  by  the  population  very  largely,  and  the  influence  of 
such  takers  must  vary  considerably  between  different  cities.  It 
must  be  instructive,  however,  to  consider  as  a  whole  the  experience 
of  any  large  city  which  has  succeeded  in  maintaining  a  moderate 
per  capita  use  of  water. 

I  give,  in  the  table  on  the  following  page,  some  interesting 
facts  in  regard  to  the  conditions,  as  a  whole,  in  Providence,  and 
will  say  that  I  beheve  an  equally  low  per  capita  use  might  be 
secured  in  nearly  every  city  of  the  country  where  such  use  is 
now  exceeded,  without  permanently  annoying  its  inhabitants 
and  greatly  to  the  advantage  of  such  city  in  its  tax  rate  or  in 
its  expense  for  maintaining  water  works,  however  its  funds  are 
raised  for  that  purpose. 

In  the  year  1892  the  department  noticed  what  was  considered 
to  be  an  unnecessary  per  capita  use  of  water,  and  special  inspectors 
were  engaged  to  examine  the  supply  through  services,  and  the 
returns  of  the  ordinary  inspection  were  reviewed  in  the  office  to 
discover  a  reason  for  such  use.  About  two  years  were  occupied 
in  the  examination  and  in  applying  remedies.  It  was  found  that 
upon  many  of  the  unmetered  services  there  was  large  waste,  and 
the  takers  on  such  services  were  notified  that  under  the  provision 
in  the  published  rates  allowing  special  assessments  to  be  made  for 
peculiar  circumstances  they  would  be  subjected  to  such  special 
assessment,  unless  they  chose  to  put  on  meters.  A  considerable 
number  of  such  takers  had  meters  set,  and  the  rate  of  increase  in 
the  number  of  meters  showed  the  influence  of  this  move.  The 
examination  and  the  effort  to  check  waste  reached  its  culmina- 
tion in  1894.  In  that  year  the  average  daily  consumption  of 
water  was  9  904  434  gallons  and  the  per  capita  supply  was  65.24, 
which  was  larger  than  it  had  been  before  or  has  been  since  and 
undoubtedly  more  than  was  reasonable.  The  effect  of  the  special 
effort  to  ciieck  waste  was  shown  in  the  following  year  in  two  ways 
that  were  striking,  when  observed  upon  a  profile  illustrating  the 
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conditions  obtaining  upon  the  work.  First:  The  total  average 
daily  consumption  of  water  dropped  to  8  905  085  gallons  and  the 
per  capita  supply  to  56.93  which  was  still  fully  up  to  the  require- 
ments for  use.  Second:  The  rate  of  increase  in  the  revenue  shot 
up  in  a  marked  way.  The  full  effect  of  the  effort  to  check  waste 
was  not,  however,  shown  until  1897  when  the  total  average  daily 


DISTRIBUTION,   POPULATION   AND  PER  CAPITA  SUPPLY  OF  WATER 
IN   PROVIDENCE,   R.  I. 


Year. 

Miles  of 
street  mains. 

Population 
supplied. 

Miles  of 
pipe  per  M 
population. 

Per  capita 
supply  of 

water. 
(Gallons.) 

Percentage 
of  services 
metered. 

1877 

143.9212  - 

-  102  900 

= 

1.3983 

24.21 

41.86 

1878 

149.0662  - 

-  104  800 

1= 

1.4224 

25.79 

43.16 

1879 

151.3890  - 

-  106  875 

= 

1.4184 

29.10 

44.91 

1880 

154.. 5663  - 

-  109  400 

^ 

1.4128 

32.42 

46.62  Mar.,  '80 

1881 

159.4044  - 

-  112  200 

=. 

1.4207 

33.13 

47.65  Nov.,  '80 

1882 

166.7196  - 

-  115  100 

= 

1.4485 

31.85 

No  record 

1883 

176.6755  - 

-  118  000 

— 

1.4973 

35.12 

52.38 

1884 

183.8386  - 

-  120  900 

= 

1.5206 

33.77 

53.70 

1885 

189.3045  - 

-  123  800 

=: 

1.5291 

38.21 

55.45 

1886 

194.2298  - 

-  126,  700 

1= 

1.5330 

38.06 

56.84 

1887 

203.3894  - 

-  129  700 

=z 

1.5681 

38.08 

58.06 

1888 

210.3669  - 

-  132  600 

=: 

1.5865 

41.61 

59.32 

1889 

218.0101   - 

-  135  700 

=: 

1.6066 

42.64 

60.61 

1890 

226.4792  - 

-  138  700 

— 

1.6329 

48.61 

62.45 

1891 

243.5319  - 

-  141  800 

= 

1.7174 

51.28 

63.42 

1892 

257.7153  - 

-  144  900 

= 

1.7786 

55.61 

65.48 

1893 

273.2654   - 

-   148  000 

= 

1.8464 

63.30 

69.40 

1894 

284.7603  - 

-  151  800 

= 

1.8759 

65.24 

72.46 

■     1895 

296.2754  - 

-  156  400 

= 

1.8943 

56.93 

74.58 

1896 

303.1921   - 

-  162  200 

^ 

1.8693 

56.14 

76.50 

1897 

310.3458  - 

-  168  200 

= 

1.8451 

51.34 

78.42 

1898 

314.8528  - 

-  174  200 

= 

1.8078 

52.52 

80.04 

1899 

318.4279  - 

-  180  600 

= 

1.7631 

52.94 

81.46 

1900 

324.5557  - 

-  186  800 

= 

1.7374 

54.23 

82.62 

190K 

331.0347  - 

-  193  000 

= 

1.7152 

55.62 

83.58 

1902 

336.1560  - 

-  199  400 

1 

1.6858 

58.00 

84.43 

consumption  of  water  had  dropped  to  8  635  067  gallons  and  the 
per  capita  supply  to  51.34. 

From  that  time  to  within  about  two  years  the  increase  in  the 
total  supply  has  been  reasonably  consistent  with  the  increase  of 
the  population  suppU^d. 

Lately  a  new  tendency  is  shown  to  dispose  of  a  greater  per 
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capita  suppl}'  of  water.  This  seems  to  be  accounted  for  by  the 
effect  of  electrolysis  which  has  a  destructive  action  in  several 
places  in  the  city.  On  one  street  several  street  mains  have  been 
taken  out  in  two  successive  years,  being  badly  decomposed  and 
one  of  which  had  been  completely  eaten  through.  The  iron  bolts 
of  meters  have  been  eaten  off  and  replaced  by  composition  bolts. 
Lead  service  pipes  have  also  been  badly  eaten.  The  conditions 
favoring  the  destructive  action  of  electrolysis  are  being  changed 
steadily  for  the  better  and  it  is  hoped  that  the  waste  of  water  from 
this  cause  may  be  kept  within  reasonable  limits. 

It  is  believed  there  is  a  considerable  waste  in  connection  with 
the  direct  service  to  elevators  from  the  pressure  in  the  mains. 
One  hundred  and  sixty-nine  elevators  are  supplied  in  this  way  and 
the  condition  of  their  supply  is  now  being  examined. 

The  working  force  in  the  Meter  Department  in  Providence  con- 
sists of  three  men,  who  do  all  the  setting  and  repairing  of  the  meters 
on  the  system.  The  total  expense  of  the  department  is  more 
than  returned  to  the  city  by  the  charges  against  the  takers,  they 
being  at  a  fixed  rate  per  meter  for  the  usual  operations.  The 
average  annual  cost  per  meter  for  repairs  is  about  eleven  and 
one-half  cents,  the  total  cost  for  the  last  full  year  reported  being 
$2  278.89. 

Fourth.  —  Eternal  vigilance  is  as  necessarj'  in  a  water  depart- 
ment as  in  other  matters,  to  secure  a  perfect  result.     It  is  found 
in  Providence  that  there  are  men  so  lost  to  the  dictates  of  a  good 
conscience  that  they  will  tap  in  a  supply  back  of  the  meter  so  as  . 
to  draw  water  without  having  it  measured. 

Water  is  supplied  to  manufacturing  estabhshments  for  fire 
purposes  without  cost  when  contained  in  pipes  laid  at  the  ex- 
pense of  the  establishment  and  not  connected  with  any  other 
means  of  supply.  It  is  a  condition  of  such  supply  that  no  water 
whatever  shall  be  drawn  from  these  pipes  except  to  extinguish 
fires.  It  was  found  at  one  time  that  about  a  milhon  gallons  per 
day  extra  was  being  drawn  in  a  manufacturing  section  of  the 
city  and  an  inspector  was  sent  out  to  locate  the  waste.  It  was 
found  that  two  estabhshments  near  each  other  had  opened  their 
fire  service  pipes  and  were  using  the  water  for  washing  and  other 
purposes.  The  fact  that  the  combined  use  of  the  two  was  so  great, 
facilitated  the  discovery. 
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Other  surreptitious  use  of  water  has  been  discovered  from  time 
to  time,  like  its  use  for  broad  irrigation,  etc. 

Nearly  all  the  evils  of  waste  can  be  cured  by  placing  a  meter  on 
every  service.  It  would  hardly  be  expected  in  any  community 
that  illuminating  gas  would  be  furnished  to  takers  except  through 
a  meter,  notwithstanding  the  fact  that  gas  is  cheaper  than  water. 
In  Providence  gas  is  sold  at  $1.10  per  thousand  cubic  feet  while 
for  water  $1.50  per  thousand  cubic  feet  is  paid. 

DISCUSSION. 

President  Walker.  Well,  gentlemen,  that  paper  is  a  whole 
water  works  in  itself.  Does  anybody  want  to  make  any  remarks 
or  ask  any  question?  If  so,  please  do  so.  Don't  be  afraid  to 
ask  the  gentleman  questions,  he  is  able  to  answer  them.  I  have 
been  very  much  interested  to  notice  that  he  seems  to  think  that 
folks  are  not  altogether  honest  in  Providence,  any  more  than  they 
are  in  Manchester. 

Mr.  H.  G.  Holden.  Mr.  President,  I  would  Hke  to  inquire  of 
Mr.  Shedd  the  amount  and  kind  of  lead  used  in  a  2-inch  bell. 

Mr.  Shedd.  It  is  the  ordinary  soft  lead  that  is  used  in  laying 
water  pipes,  suitable,  of  course,  for  calking.  It  is  laid  a  Uttle 
more  than  three-quarters  of  an  inch  in  depth,  and  the  gasket 
makes  up  an  inch  or  an  inch  and  a  quarter  of  the  depth  of  the 
bell,  and  that  is  driven  home  until  it  will  receive  pretty  good  blows 
of  a  hammer  without  a  depression  in  the  gasket.  I  have  found 
■  by  a  number  of  observations  that  it  is  almost  impossible,  in  the 
ordinary  lead  used  for  making  joints  in  water  pipes,  to  have  any 
apparent  effect  on  the  lead  by  any  calking  hammer  more  than 
three-quarters  of  an  inch  below  the  surface,  as  the  lead  seems  to 
remain  just  as  it  is  run,  and  it  is  not  compacted  in  any  degree 
below  that  depth,  so  far  as  I  can  discover,  by  the  calking. 

Mr.  Holden.  What  amount  of  lead  would  be  ordinarily 
used  ? 

Mr.  Shedd.  Well,  I  do  not  carry  that  in  my  mind  —  it  is  less 
than  the  lead  ordinarily  used  —  but  it  is  known.  We  have  kept 
a  very  accurate  account  of  the  amount  used  in  that  way,  and  I 
have  the  figures,  but  I  do  not  remember  them.  The  amount  of 
lead  is  carefully  watched,  of  course,  when  the  work  is  done  by 
contract,  and  the  inspector  does  not  allow  any  less  lead  than  the 
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specifications  call  for  to  go  into  the  joints,  but  what  the  amount 
is,  I  do  not  remember.* 

Mr.  George  E.  Winslow.  Mr.  President,  I  should  hke  to  ask 
Mr.  Shedd  in  regard  to  the  meters:  Are  they  owned  by  the  city 
or  are  they  owned  by  the  consumer? 

Mr.  Shedd.  They  are  owned  by  the  consumer,  —  by  the  water 
taker,  but  they  are  not  allowed  to  be  placed  except  by  the  city. 
The  city  approves  of  the  meters,  and  sets  them,  and  makes  a 
charge  for  setting  them  to  those  who  apply  for  them.  The  meter 
must  be  one  which  is  approved  by  the  city.  There  are  three  or 
four  kinds  of  meters  which  are  set  by  the  city,  and  a  person  is 
allowed  to  make  his  choice  from  those  kinds,  but  the  meters  are 
owned  and  maintained  by  the  takers,  so  far  as  paying  the  money 
is  concerned.  They  are  managed  by  the  city,  put  in  by  the  city, 
repaired  by  the  city,  and  the  cost  charged  to  takers  for  expenses. 

Mr.  Winslow.  What  is  the  life  of  a  meter,  and  under  what 
conditions  are  they  replaced? 

Mr.  Shedd.  They  are  replaced  at  the  expense  of  the  taker, 
but  the  life  of  a  meter  —  well,  we  have  had  some  of  them  in  there 
over  thirty  years,  and  apparently  they  are  just  as  good  as  ever. 
There  are  meters  there  which  were  set  at  the  beginning,  and 
very  few  have  failed;  and  this  eleven  cents  I  spoke  of  covers  the 
maintenance. 

Mr.  V.  C.  Hastings.  How  often,  Mr.  Shedd,  do  you  test  a 
meter? 

Mr.  Shedd.  As  often  as  there  appears  to  be  any  reason  for 
it.  From  the  amount  of  water  that  is  passed  through,  which  is 
always  observed  when  the  inspector  reads  the  meter  at  inter- 
vals of  six  months,  it  is  discovered  w^hether  the  meter  runs  freely 
or  not. 


*  The  calculated  maximum  width  of  lead  joint  and  the  weight,  for  each  diameter  of 
pipe,  is  as  follows:  — 


Width  of  Joint. 

Weight. 

Diam.  of  Pipe. 

Width  of  Joint. 

Weight. 

(.Inches.) 

{Inches.) 

(Pounds.) 

(Inches.) 

(Inches.) 

(Pounds.) 

4 

U 

3.31 

20 

n 

21.14 

6 

li 

4.73 

24 

2 

28.33 

8 

li 

6.53 

30 

2i 

37.32 

10 

If 

8.56 

36 

2. 

50.45 

12 

If 

10.84 

'           48 

3 

105.83 

16 

If 

15.85 
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Mr.  Hastings.  I  suppose  if  a  man  gets  a  big  bill  he  would 
naturally  want  his  meter  tested? 

Mr.  Shedd.  He  naturally  would.  I  got  a  notice  yesterday 
of  a  big  supply  of  water  upon  my  house. 

Mr.  Edwin  C.  Brooks.  I  would  say,  bearing  upon  the  depth 
of  bells,  that  we  recently  took  out  some  water  pipes  in  Cambridge 
which  were  laid  in  1857,  and  the  depth  of  bells  in  the  Scotch  pipe, 
cast  in  9-foot  lengths,  was  7  inches  (see  Fig.  3).  Quite  a  differ- 
ence between  that  and  2  inches. 

Mr.  John  C.  Chase.  Mr.  President,  I  should  like  to  ask  Mr. 
Shedd,     if    in    estimating    population   between  census  years  he 


Fig.  3.     Section  of   Bell  of  Old  Water  Pipe  in  Cambridge. 
added  a  certain  per  cent,  for  the  growth  of  the  population  each 
year.     If  he  can  answer  it,  I  should  like  to  know  what  the  addi- 
tional per  cent,  was  per  year,  and  how  it  checked  at  the  census 
periods? 

Mr.  Shedd.  It  came  very  close.  We  kept  the  population  in 
a  profile,  going  back  as  far  as  we  had  any  population  figures; 
and  we  have  five-year  periods  of  census  taking;  and  every  year 
the  population  is  taken  for  the  school  census.  When  we  have 
projected  the  fine  for  five  years,  our  projected  fine  comes  very 
close  to  the  return  actually  found  by  the  official  census.  The 
population  given  in  my  table  runs  from  102  900  in  1877  to  199  400 
in  1902.  That  is  not  the  population  within  the  municipal  Hmits, 
because  we  supply  outside  territory,  and  there  are  certain  figures 
that  we  take  from  our  own  records. 

Mr.  George  F.  Chace.  Mr.  President:  I  should  like  to  ask 
Mr.  Shedd  if  he  does  not  find  it  diflicidt  with  the  shallow  bells 
to  get  around  curves. 

Mr.   Shedd.     No.     Tlic  iK)ssiblc  turn  of  the  pipe  is  greater, 
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without  making  a  leaky  joint,  with  the  shallow  bells  than  with 
the  deep  bells.  You  can  see  that  if  the  deep  bell  pipe  is  turned, 
you  don't  have  tliickness  enough  for  the  lead  joint  on  one  side  of 
the  pipe.  It  is  one  of  the  chief  advantages  of  the  shallow  bell 
that  you  can  lay  it  with  a  greater  curvature. 

President  Walker.  I  want  a  bell  from  three  and  a  half  to 
four  inches  deep,  to  run  around  curves  almost  anywhere,  but  Mr. 
Shedd  gets  along  with  these  short  bells.  I  have  been  using  three 
and  a  half  inch  to  four  inch  bells,  and  I  don't  want  to  shift  over, 
because  there  are  a  good  many  places  where  if  I  hadn't  had  a 
long  bell  I  should  have  been  up  all  night. 

Mr.  Shedd.  We  can  show  you  three  hundred  and  forty  miles 
of  short  bells. 

Mr.  Charles  N.  Taylor.  My  experience  has  been  that  I 
could  get  around  a  long  curve  with  a  long  bell,  as  one  edge  of  the 
spigot  will  be  almost  at  the  bell.  I  do  not  see  that  there  is  any 
disadvantage  in  having  a  long  bell,  but  the  thinner  the  lead,  the 
stronger  it  is;  that  is  my  experience.  I  have  had  both  kinds,  and 
in  order  to  lay  around  a  sharp  curve,  I  prefer  a  good-sized  bell. 

Mr.  Albert  F.  Hill.  If  I  am  going  to  have  a  pipe  laid  by 
contract,  I  want  the  bells  a  httle  longer  than  two  inches.  Unless 
the  contract  work  is  watched  pretty  closely,  you  will  have  a  good 
many  leaky  joints  with  2-inch  bells,  but  they  can  be  watched 
closely  enough  so  you  can  get  the  joints  tight.  We  have  had  a 
good  many  leaks  where  the  work  has  been  done  by  contract, 
if  it  was  not  inspected  closely  enough.  If  I  lay  the  pipe  myself  I 
had  as  soon  have  a  2-inch  bell  as  any  other.  I  think  a  3-inch 
bell  is  just  about  right. 

Mr.  E.  S.  Larned.  As  to  the  amount  of  water,  of  which  we 
hear  so  much,  and  the  remedies  which  are  offered,  it'  occurs 
to  me  that  the  majority  of  municipal  engineers,  or  water-works 
engineers,  are  pretty  well  advised  as  to  what  is  a  requisite  supply. 
While  meters  will  bring  to  the  minds  of  many  people  how  much 
water  they  use  there  is  a  very  large  number  in  every  wealthy  com- 
munity to  whom  it  makes  very  little  difference  what  the  meter 
registers.  Now,  that  is  a  class  of  waste  which  I  think  will  in  time 
demand  very  serious  attention.  It  occurs  to  me  that  it  might 
be  a  good  thing,  in  order  to  determine  what  is  a  necessary  and 
requisite  supply,  to   fix   a  sliding  scale,   which  will  accordingly 
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result  in  increased  revenue.  It  will  draw  attention  of  the  people 
who  insist  on  wasting  water  to  the  necessity  of  economizing. 

Mr.  W.  H.  Richards.  Mr.  President:  I  think  the  requisite 
supply  varies  with  the  place.  That  is,  a  city  like  Woonsocket, 
for  instance,  might  have  a  very  low  per  capita  supply,  being  a 
manufacturing  place,  and  where  perhaps  four  or  five  families  use 
one  faucet,  in  some  cases.  Whereas,  in  another  place,  like  New- 
ton, for  instance,  where  almost  every  family  has  a  large  number 
of  fixtures,  their  per  capita  consumption  would  be  naturally  very 
much  larger.  So  the  per  capita  amount  would  depend  on  the 
city  and  on  their  method  of  using  water.  I  think  each  place 
would  have  to  be  "  a  law  unto  itself." 

As  to  the  cost:  The  cost  per  thousand  gallons  of  course  varies 
in  every  city,  and  you  would  not  want  to  get  your  meter  rate 
below  the  cost  of  furnisliing  the  water,  certainly. 

Mr.  R.  C.  p.  Coggeshall.  Mr.  President:  I  would  like  to  ask 
Mr.  Shedd  if  in  his  analysis  of  the  Providence  conditions  he  ever 
tried  to  account  for  all  the  water  that  was  used,  and  if  there 
was  not  quite  a  percentage  that  was  apparently  going  to  waste 
or  that  could  not  be  accounted  for.  I  know  that  Mr.  Kieran  of 
Fall  River  has  for  a  number  of  years  kept  such  an  account,  and 
while  their  per  capita  consumption  is  very  low,  still  there  is  a  large 
portion  which  he  cannot  account  for,  in  spite  of  all  the  care  that 
is  taken  to  keep  an  accurate  account  of  all  the  meters  used.  We 
all  know  that  there  is  a  certain  leakage  that  is  silently  going  on 
here  and  there  in  the  ground,  even  under  the  best  conditions. 
We  know  that  in  large  manufacturing  establishments,  in  large 
cotton  plants,  such  as  I  have  in  my  city,  with  meters  on  the  pipes, 
there  is  a  certain  amount  of  water  shding  away  on  Sundays.  It 
it  not  very  large,  yet  it  amounts  to  a  good  deal  in  twenty-four 
hours.  I  don't  know  but  Mr.  Shedd  has  made  some  observations 
in  that  direction. 

Mr.  Shedd.  It  is  unquestionably  true  that  there  is  a  loss  of 
water  in  any  distribution  system  and  that  it  will  be  much  less  in 
some  places  than  it  is  in  others,  depending  upon  the  manner  in 
which  the  distribution  is  made.  Our  consumption  of  water  per 
capita  is  measured  by  the  total  amount  of  water  pumped,  and  the 
quantity  supplied  by  the  pumps  divided  by  the  population  sup- 
plied gives  the  per  capita  amount  used,  and  that,  of  course,  in- 
cludes all  the  waste,  the  loss  by  leakage  in  distribution  system. 
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Mr.  Coggeshall.  Then  aside  from  the  sum  total  of  all  the 
meters  there  is  something  left  which  you  cannot  account  for? 

Mr.  Shedd.  Yes;  if  we  had  100  per  cent,  of  our  services 
metered,  then  perhaps  we  could. 

Mr.  Coggeshall.  I  beUeve  that  Mr.  Robertson  is  here.  Per- 
haps he  will  tell  us  something  more  definite  about  the  Fall  River 
supply. 

Mr.  W.  W.  Robertson.  I  did  not  come  prepared,  and  memory 
is  a  very  unreliable  source  of  information  in  a  meeting  of  this 
character.  I  can  only  speak  in  a  general  way,  and  say  that  for  a 
number  of  years  we  have  had  a  very  systematic  method,  I  think, 
of  determining  the  amount  of  water  used  and  the  total  pump- 
age  accounted  for.  The  houses  are  ninety  or  ninety-five  per  cent, 
on  metered  service,  and  for  twenty  or  twenty-five  years  we  have 
been  increasing  the  number  of  meters.  They  are  very  popular 
in  the  city.  They  are  purchased  by  the  water  takers,  and 
there  is  no  very  great  difficulty  in  inducing  the  water  takers  to 
take  meters. 

The  rates  were  originally  so  high  that  in  1893  there  was  a  sliding 
scale  adopted  by  which  there  was  a  reduction  of  rates  from  21 
cents  down  to  7^.    The  reduction  in  rates  is  conducive  to  economy. 

We  had  a  great  deal  of  waste  from  tank  closets.  That  is  the 
greatest  source  of  waste  we  have  had,  but  in  later  years  we  have 
paid  attention  to  the  waste  problem  and  tried  to  regulate  it.  We 
put  meters  on  our  public  buildings  and  found  in  that  way  how 
much  water  was  used  by  the  city  departments.  Every  year  we 
pubhshed  a  table  showing  the  total  of  our  investigations  for  that 
year,  and  the  result  is  that  we  have  supplied  water  quite  eco- 
nomically. 

At  this  time  I  cannot  give  you  any  figures.  I  can  only  refer 
you  to  our  report  and  the  table  that  has  been  contained  in  it  from 
year  to  year  for  several  years. 

Mr.  Coggeshall.  I  think  at  tliis  point  some  of  you  will 
be  interested  to  hear  what  Mr.  Thomas  has  to  say  about  what  he 
has  found  out  in  regard  to  some  corporations  that  have  fire  pipes, 
but  do  not  use  any  water.  —  how  much  water  is  going  through 
them. 

Mr.  R.  J.  Thomas.  We  have  not  found  out  how  much  water 
the  corporations  are  using  for  fire  service,  because  we  haven't 
had  meters,  but  the  water  board  has  determined  to  have  meters 
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for  fire  service.  There  are  about  ten  large  corporations  in  the  city 
that  use  the  city  supply  as  a  secondary  supply  in  the  case  of  fire. 
When  there  are  defective  check  valves  it  allows  their  water  to  pass 
into  our  mains,  and  we  found  it  necessary  for  the  health  of  the 
city  to  shut  the  valves  on  the  branches  that  lead  into  the  corpora- 
tions, fifteen  in  all.  Since  shutting  off  these  valves  our  consump- 
tion has  fallen  off  from  a  quarter  to  half  a  million  gallons  a  day. 

That  is  all  we  know  about  it  at  the  present  time,  but  we  expect 
to  find  out  whether  other  concerns  have  these  extraordinary, 
special  privileges  of  having  city  water  on  their  premises  to  put 
out  fires  without  paying  for  it,  and  how  much  water  they  are 
using.     That  is  what   we   are  working  on  now. 

Mr.  George  Cassell.  Mr.  President :  I  would  like  to  ask  Mr. 
Shedd  what  disposition  was  made  of  the  cases  he  found  in  his  city 
where  they  were  using  water  improperly. 

Mr.  Shedd.  Of  course  the  first  thing  was  to  stop  it,  and 
that  was  done  immediately;  but  to  what  extent  any  punishment 
has  been  inflicted,  I  do  not  know.  That  is  in  the  hands  of  the 
Commissioner  of  Pubhc  Works. 

Mr.  E.  C.  Brooks.  Mr.  President:  Bearing  upon  what  Mr. 
Richards  said  about  the  different  character  of  the  cities,  I  would 
say  that  in  Cambridge  last  year,  with  only  six  per  cent,  of  the  serv- 
ices metered,— and  those  almost  entirely  manufacturing  supplies, — 
our  sales  by  meter  amounted  to  37^  gallons  per  capita,  more 
than  the  total  consumption  of  Fall  River,  a  city  larger  than 
Cambridge  by  some  eight  or  ten  thousand.  So  that  I  think  the 
character  of  the  city  in  determining  what  is  possible  in  a  low 
consumption  of  water  is  to  be  taken  into  account. 

This  year  we  will  add  to  that  probably  not  far  from  three  gal- 
lons per  capita,  so  that  this  year  our  per  capita  consumption  by 
meter,  almost  entirely  for  manufacturing,  will  be  a  little  rising 
forty  gallons. 

I  would  say  here  that  if  any  of  you  have  public  buildings  that 
you  are  furnishing  water  to  free  of  charge,  I  think  it  would  be  a 
revelation  to  find  out  what  the  consumption  of  water  is  in  the 
ordinary  schoolhouse.  We  have  a  grammar  school  in  our  city, 
not  a  very  large  school,  but  it  has  used  a  million  and  a  half  gallons 
of  water  the  past  year,  making  a  per  capita  use  of  water  by  the 
school  cliildren  that  is  perfectly  enormous.     I  find  that  every- 
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where  where  the  city  uses  water  in  public  buildings  without 
making  any  payments  to  the  water  department  for  it,  the  con- 
sumption is  very  large.  Nothing  that  I  have  ever  found  has 
exceeded  in  crudeness  the  management  of  the  ordinary  sanitary 
fixtures  in  schoolhouses.  They  are  given  almost  no  supervision, 
and  the  water  is  allowed  to  run  continuously. 

Mr.  Coggeshall.  I  think  we  can  take  the  cake  on  school- 
house  water  in  New^  Bedford.  In  some  of  the  schoolhouses  they 
were  using  electric  motors  for  running  their  ventilating  fans,  Init, 
the  water  being  free  for  city  uses,  they  installed  water  motors 
instead,  which  use  at  the  rate  of  some  150  000  gallons  a  month. 
It  costs  the  school  nothing,  and  therefore  they  reason  that  it  costs 
the  city  nothing;  and  the  city  allows  it  to  go  on. 

Mr.  F.  N.  Connet.  The  question  was  asked  a  short  time  ago: 
What  is  the  average  difference  between  the  total  reading  of  the 
meters  and  the  total  amount  of  water  used.  In  the  northeastern 
corner  of  New  Jersey  there  is  a  private  water  company,  managed 
by  one  of  the  members  of  this  Association,  and  he  told  me  a  few 
days  ago  that  98  per  cent,  of  his  services  were  metered,  but  that 
the  meters  accounted  for  28  per  cent,  less  than  the  plunger  dis- 
placement of  his  pumps. 

I  want  to  say  a  word  about  the  difficulty  of  ascertaining  the 
amount  of  water  used  by  a  large  corporation  without  a  meter.  I 
know  of  one  instance  in  our  own  city  where  it  was  estimated 
that  the  consumption  was  50  000  gallons  per  day,  but  a  meter 
was  put  on  a  few  months  ago,  an  8-inch  meter,  and  the  con- 
sumption was  found  to  be  280  000  gallons  a  day. 

Now,  one  other  thing.  If  you  noticed  the  tables  Mr.  Shedd 
read,  some  years  ago  the  population  of  Providence  was  about 
110  000  and  the  per  capita  consumption  was  about  sixty,  I  think. 
Last  evening  I  was  talking  to  a  man  who  ow^ns  a  private  water 
company  in  the  northeastern  corner  of  Pennsylvania,  where  the 
number  of  inhabitants  supphed  was  about  110  000,  but  the  total 
water  supplied  per  day  is  between  25  000  000  and  30  000  000 
gallons  ;  in  other  w^ords,  the  total  consumption  per  capita  is 
from  225  to    250  instead  of  60  gallons. 

Mr.  Shedd.  There  is,  in  what  I  gave,  an  illustration  of  the 
difference  between  different  cities  in  the  quantity  of  water  required 
per  capita,  in  that  about  half  the  takers  in  Providence  are  fur- 
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nished  with  water  at  the  rate  of  less  than  20  gallons  per 
capita,  and  the  difference  between  that  and  58  gallons 
per  capita  is  made  up  in  the  manufacturing  portion  of  the  water 
supply.  In  Providence  we  have,  I  suppose,  an  unusually  large 
amount  of  water  required  for  manufacturing  purposes. 

Mr.  Chase.  Mr.  President,  some  of  this  difference  in  relation 
to  the  per  capita  consumption  in  different  cities  can  be  explained 
by  the  percentage  of  the  population  that  is  supplied  with  water. 
If  you  had  cities  where  every  family  in  each  city  was  suppUed 
with  water,  then  the  statistics  would  be  of  some  value  for  com- 
parison. The  city  of  Providence  has  a  matter  of  85  or  90  per 
cent,  of  its  population  supplied,  and  the  city  of  Cambridge  has 
95  per  cent.,  so  there  would  be  some  difference  in  the  per  capita 
figuring.  Then,  the  shp  of  the  pump  is  a  very  important  factor, 
to  my  mind,  and  the  case  cited,  I  beheve,  by  Mr.  Robertson  is 
not  an  uncommon  one.  It  has  been  reported  to  me  in  several 
similar  cases,  where  meters  were  used  to  a  very  large  extent,  that 
there  was  practically  a  very  large  percentage  of  the  water 
that  was  pumped  which  was  not  registered  by  the  meters;  and 
that  brings  up  the  question  as  to  whether  the  slip  of  pumps  in 
general  is  not  very  much  greater  than  they  are  credited  with.  I 
might,  if  the  hour  were  not  so  late,  give  you  a  httle  personal  ex- 
perience. I  would,  however,  like  to  ask  Mr.  Shedd  if  he  wishes 
to  express  any  opinion  in  regard  to  the  sUp  of  pumps. 

Mr.  Shedd.  A  pump  well  kept  up,  well  cared  for,  and  origi- 
nally, well  constructed,  should  go  through  a  long  period  with  no 
more  than  about  2  per  cent,  of  shp,  but  I  know  of  pumps  which 
have  up  to  4^  per  cent,  of  slip.  In  our  case  we  have  kept  them 
within  about  2  per  cent,  of  shp,  and  when  they  are  new  I  have  had 
measurements  made  where  we  had  between  1  and  1^  per  cent,  of 
slip,  when  everything  was  in  the  best  condition.  I  presume,  as  a 
matter  of  fact,  that  it  varies  from  2  to  5  per  cent,  in  different  places. 

Mr.  Dexter  Brackett.  I  should  like  to  ask  Mr.  Shedd  in 
what  way  the  slip  was  determined. 

Mr.  Shedd.  By  measuring  all  the  water  dehvered  by  the 
pump  by  a  weir,  and  then  measuring  the  pumpage  in  the  uiual 
way,  by  the  stroke  of  the  pump  and  the  area  of  the  plungers.  But 
the  amount  of  wateu  sent  through  the  force  main  is  measured  over 
a  weir,  and  that  gives  the  amount  of  water  actually  delivered. 
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Mr.  Brackett.  I  wished  to  ask  whether  you  had  means  of 
measuring  over  a  weir  the  quantity  delivered  by  the  pumps. 

Mr.  Shedd.     That  is  the  way  of  determining  it. 

Mr.  Br.-^ckett.  I  am  surprised  that  the  shp  of  a  pump  after 
being  used  for  several  years  was  not  more  than  2  per  cent.  I, 
think  such  conditions  are  the  exception  rather  than  the  rule. 

Mr.  Shedd.  I  don't  think  so.  Of  course  it  is  expected  that 
the  condition  of  the  pumps  will  be  kept  up  as  nicely  as  possible. 
After  several  years  of  use  I  have  not  personally  measured  the 
amount  of  shp,  except  in  this  case,  where  I  have  found  4^  per 
cent.  shp. 

Mr.  Br.^ckett.  I  have  personally  measured  pumps  where 
there  was  50  per  cent,  shp,  and  I  have  known  of  others  where 
there  was  40  per  cent.,  and  the  shp  of  pumps  used  on  the  Metro- 
poHtan  works  has  been  found  to  be  from  3  to  18  per  cent.  With 
an  outside  packed  plunger  pump,  there  is  very  httle  sUp  or 
leakage  by  the  plunger,  but  the  rubber  valves  wear  with  years  of 
use,  and  as  the  valves  wear  there  will  be  an  increase  in  the  amount 
of  shp.  You  seldom  get  less  than  1  per  cent,  shp  with  a  new 
pump.  I  do  not,  however,  think  that  it  is  safe  to  assume,  be- 
cause there  is  a  large  difference  between  the  amount  registered 
by  the  house  meters  and  the  cjuantity  determined  by  the  dis- 
placement of  the  pump  plungers,  that  this  is  shp. 

Mr.  Foster.  My  experience  with  pumps  has  been  such  as  to 
bear  out  Mr.  Shedd's  view.  I  think  that  the  slip  of  a  pump  ought 
not  to  be  more  than  2  to  5  per  cent. ,  and  I  think  I  am  quite  pre- 
pared to  understand  Mr.  Brackett's  having  found  a  shp  of  40  per 
cent,  or  even  50  per  cent.,  but  I  do  not  think  that  is  very  good 
engineering.  Of  course  we  all  know  that  there  can  be  only  two 
ways  for  the  pump  to  shp,  —  that  is,  by  the  water  passing  the 
plunger,  or  passing  the  valve,  —  and  that  brings  up  the  question 
of  the  design  of  the  pump  and  the  design  of  the  valve  and  the 
nature  of  the  packing  of  the  plunger.  I  do  not  think  any  pump 
ought  to  be  built  with  rigid  ring  packing  for  anything  except 
very  low  heads,  although  I  do  think  that  a  pump  can  be  operated 
successfully  for  a  great  many  years  without  showing  more  than  a 
5  per  cent,  slip  on  a  sohd  ring  for  a  head  of  twenty  feet;  but  I 
think  the  shp  of  a  pump  goes  up  very  rapidly  after  a  time,  if  put 
under  a  high  head. 
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My  experience  with  the  Worthington  Company  extends  over 
sixteen  or  seventeen  years,  and  during  that  time  we  had  some 
tests  of  old  pumps.  One  in  particular  I  know  had  been  in  use 
eighteen  years,  and  we  had  a  careful  test  made  of  that  pump. 
The  valves  had  been  kept  in  good  order  and  the  plungers  showed 
little  wear,  and  we  found  but  5  per  cent.  sUp  in  that  pump. 

I  think  the  question  of  valves  is  very  often  neglected  in  pump- 
ing stations,  because  the  pumps  are  required  to  run  almost  all 
the  time  in  some  places,  and  the  valves  are  not  overhauled  often 
enough.  If  the  valves  are  overhauled  and  kept  in  good  order, 
I  am  sure  you  will  not  find  any  sHp  of  the  valves  to  amount  to 
anything,  —  not  more  than  one-half  of  one  per  cent. 

Mr.  F.  W.  Dean.  In  regard  to  this  matter  of  sHp,  I  had  occa- 
sion to  test  the  old  Morris  engine  at  Lowell.  I  beheve  I  made  two 
tests.  It  had  been  in  use  a  great  many  years,  and,  if  I  remember 
rightly,  the  slip  was  found  to  be  in  the  vicinity  of  5  per  cent. 
The  water  was  measured  over  a  weir,  and  I  am  under  the  impres- 
sion that  very  little  had  been  done  to  the  pump  end  during  the 
life  of  the  pump  up  to  that  time. 

I  have  been  recently  informed  that  in  New  York  the  shp  has 
been  found  to  be,  if  I  rem'ember  rightly,  something  hke  36  per 
cent,  on  one  pump,  and  various  amounts  less  than  that  on  some  of 
the  others. 

■  Mr.  J.  C.  Whitney.  I  think  Mr.  Shedd  said  that  the  repairing 
of  20  000  meters  cost  about  S2  200  a  year  and  that  it  took  the 
services  of  three  men.  Now,  if  Providence  pays  ordinary  machinist 
wages,  how  are  the  necessary  repairs  borne  out  of  that  sum? 

Mr.  Shedd.  Those  three  men  had  a  great  many  other  things 
to  do  besides  repairing  meters;  for  instance,  they  set  all  the 
meters  and  take  the  readings. 

Mr.  Whitney.  There  is  also  another  question.  I  think 
Mr.  Shedd  stated  that  by  experiment  he  found  a  certain  com- 
position gave  the  best  satisfaction  in  the  service  supply  district. 
Will  he  be  kind  enough  to  state  what  it  is? 

Mr.  Shedd.  The  mixture  used  is  in  the  proportion  of  SO 
pounds  of  copper,  6  pounds  of  tin,  3  pounds  of  zinc,  and  2 
pounds  of  lead.  The  use  of  lead  is  for  the  j^urpor.e  of  securing 
smooth, and  easy  woj-k  in  the  machine  shop. 
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IMPROVEMENTS  IN  ECONOMY  OF  PUMPING  ENGINES. 

BY    F.    W.    DEAN. 
[Read  November  11,  1903.] 

In  1893  I  read  a  paper  before  this  Association  giving  the  brief- 
est notice  of  some  of  the  oldest  types  of  pumping  engines,  and 
an  account  somewhat  fuller  of  the  then  prevailing  types  of  pump- 
ing engines  in  the  United  States.  The  presence  here  to-day  of 
Mr.  J.  Herbert  Shedd  reminds  me  to  speak  of  the  Cornish  engine 
that  was  installed  in  the  Pettaconsett  Pumping  Station  of  the 
Providence  Water  Works  when  Mr.  Shedd  designed  that  system, 
and  of  the  connection  of  that  time  with  the  fascinating  period 
of  Cornish  engine  prominence  in  England  in  the  person  of  Mr. 
Simeon  Noel,  the  talented  engineer  whom  Mr.  Shedd  imported 
from  Cornwall  to  take  charge  of  his  engine  near  Providence.  Mr. 
Noel  was  one  of  those  thorough  Cornish  engineers,  trained  by 
years  of  apprenticeship  and  as  engineer  in  charge  of  large  engines 
of  his  favorite  type  in  Cornwall,  whom  it  was  a  satisfaction  to 
meet.  It  would  be  a  matter  of  regret  if  his  name  should  be  for- 
ever unmentioned  after  his  death,  which  took  place  a  number 
of  years  ago,  and  it  would  be  a  pleasure  to  hear  some  account  of 
him  from  Mr.  Shedd. 

I  remember  how  much  Mr.  Leavitt  enjoyed  calhng  on  Mr.  Noel 
at  the  Pettaconsett  Pumping  Station  and  conversing  upon  the 
topic  uppermost  in  both  of  their  minds.  I  beheve  that  Mr.  Noel 
was  employed  at  the  Fowey  Consols  Mines  in  Cornwall  when,  in 
1840,  a  Cornish  engine  gave  a  duty  of  120  000  000  foot  pounds 
per  100  pounds  of  coal  when  using  steam  of  12.57  pounds  pres- 
sure per  square  inch. 

When  Mr.  Noel  was  at  Pettaconsett,  pumping  engine  contro- 
versies and  rivalries  were  beginning  to  be  rife  in  Providence,  and 
a  Worthington  duplex  compound  engine  of  the  ordinary  type 
was  put  in  for  spare  use.  Mr.  Noel  naturally  was  sceptical  of 
the  success  of  anything  but  an  engine  of  the  Cornish  type, 
but  it  fell   to  him  to  take  charge  of    the  Worthington  engine. 
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Although  it  was  entirely  deficient  in  the  grandeur  and  impres- 
siveness  of  the  Cornish  engine,  and  enjoyed  no  international 
reputation,  Mr.  Noel  admitted  that  he  was  surprised  at  the 
success  and  reliabiUty  with  which  it  operated. 

Passing  from  this  short  reminiscence  to  the  subject  of  modern 
pumping  engines,  it  may  be  remembered  that  about  the  year 
1883  there  was  brought  out  a  Worthington  engine  with  an  at- 
tachment devised  to  imitate  the  effect  of  a  fly  wheel,  by  means 
of  which  the  steam  could  be  cut  off  early  and  worked  expansively, 
and  the  stroke  completed  notwithstanding  the  diminished  pres- 
sure of  the  steam  in  the  cylinders  due  to  its  expansion.  It  may 
not  now  be  as  improper  as  it  once  would  have  been  to  say  that  I 
feel  that  this  engine  has  been  a  disappointment  both  in  first  cost, 
economy,  simplicity,  and  satisfactory  operation.  There  has  thus 
far  been  nothing  devised  which  will  produce  the  effect  of  a  fly 
wheel  as  well,  or  as  simply,  as  the  fly  wheel  itself,  and  I  believe 
that  ingenious  mechanical  minds  are  now  turned  to  more  prom- 
ising fields  of  activity. 

In  my  paper  of  ten  years  ago  I  gave  a  short  account  of  the 
vertical  three-crank  Allis  triple  expansion  engine.  This  engine 
has  been  copied  by  other  builders  and  may  now  be  called  a  stand- 
ard type  of  the  country.  It  has  reached  the  maximum  duty  that 
has  been  obtained,  and  has  the  design  of  valves  and  valve  gear 
that  is  indispensable  for  the  most  economical  results.  In  my 
former  paper  I  mentioned  that  single  beat  poppet  valves  were 
used  by  the  AlHs  Company  in  the  heads  of  the  low-pressure  cyl- 
inder. This  valve  continues  to  be  used,  and  has  sometimes  been 
used  in  intermediate  cyHnders,  and  is  used  by  nearly  all  makers. 
It  is  a  circular  valve  on  a  spindle  that  is  moved  up  and  down  by 
cams  .not  unhke  those  used  on  the  beam  engines  of  side-wheel 
steamers.  The  steam  inlet  valves  when  they  open  move  away 
from  the  cylinders,  and  when  they  are  closed  are  flush  with  the 
face  of  the  head.  The  exhaust  valve  is  flush  with  the  cylinder 
head  when  closed,  and  opens  by  entering  the  cylinder.  When  it 
opens  and  enters  the  cylinder  the  piston  is  near  the  other  end  of 
the  cylinder,  but  when  the  piston  returns  the  valve  is  closed  and 
is  out  of  the  way. 

You  have,  of  course,  all  heard  of  the  effect  on  economy  of  a 
small  volume  l)ctween  the  piston  when  at  the  end  of  its  stroke  and 
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the  valve  seat.  This  is  what  is  called  clearance  volume,  and  the 
smaller  it  is,  the  greater  the  economy.  The  reason  for  this  is 
that  a  portion  of  the  steam  which  fills  it  passes  into  the  condenser 
and  is  lost.  It  will  be  seen  that  the  single  beat  valve  makes  the 
clearance  volume  the  least  possible  and  must  produce  the  great- 
est possible  economy,  as  far  as  it  affects  economy.  There  is 
another  good  effect  of  this  valve.  It  reduces  to  the  smallest  mini- 
mum the  surface  of  the  interior  of  the  cylinder  and  thereby  di- 
minishes the  condensation  of  steam.  In  the  case  of  the  Corliss 
and  gridiron  valves,  there  is  a  great  deal  of  surface  around  the 
ports,  and  this  produces  condensation. 

From  these  considerations  it  will  be  seen  that  nothing  can  be 
done  in  future  to  design  steam  cylinders  so  as  to  increase  the 
economy  of  steam. 

Somewhat  recently  a  new  method  of  using  steam  in  cyhnder 
jackets  and  reheaters  has  been  employed.  This  consists  in  taking 
boiler  steam  into  the  high-pressure  jacket,  thence  to  the  first 
reheater,  thence  to  the  intermediate  jacket  under  reduced  pres- 
sure, thence  to  the  second  reheater,  and  thence  to  the  low-pres- 
sure jacket  under  still  further  reduced  pressure.  Reducing  the 
pressure  in  the  low-pressure  jacket  is  important,  for  otherwise 
the  exhaust  of  that  cylinder  will  pass  to  the  condenser  in  a  super- 
heated condition,  and  heat  is  thus  lost. 

With  cylinders  designed  in  the  best  conceivable  maimer,  and 
the  best  conceivable  method  of  using  the  steam  being  employed, 
what  is  there  left  to  increase  the  economy  of  steam? 

There  are  a  few  things  that  can  be  done  to  assist.  In  the  first 
place,  a  maker  should  be  required  to  guarantee  that  after  an 
engine  has  been  run  two  or  three  months  the  valves  and, pistons 
should  be  perfectly  tight.  This  can  be  determined  by  trial,  and 
the  valves  can  be  scraped  tight. 

Another  thing  is  that  the  maker  should  be  required  to  guar- 
antee a  high  vacuum  in  the  low-pressure  exhaust  pipe  near  the 
cylinder,  say  no  less  than  28  inches.  The  maker  should  also  be 
required  to  furnish  a  mercury  column  to  show  the  vacuum  in- 
stead of,  or  in  addition  to,  a  vacuum  gage  of  the  ordinary  kind. 
After  having  once  obtained  a  high  vacuum,  the  engineer  should 
be  required  to  maintain  it. 

Recently  much  attention  has  been  given  to  condensing  appa- 
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ratus  in  connection  with  steam  turbines,  and  more  is  now  known 
about  the  best  means  of  obtaining  high  vacua  than  has  been 
known  heretofore.  It  is  of  more  importance  to  obtain  a  high 
vacuum  with  turbines  than  with  reciprocating  engines,  but  with 
the  latter  it  is  of  sufficient  importance,  in  the  interest  of  econ- 
omy, to  insist  upon  the  best  obtainable  vacuum. 

It  has  been  thought  that  in  addition  to  the  usual  air  pump  an 
additional  pump,  known  as  a  dry-air  pump,  should  be  used,  whose 
function  is  to  remove  the  air  that  comes  through  with  the  steam 
or  that  leaks  in.  Usually  this  air  is  swept  along  into  the  condenser 
pump,  which  has  been  called  the  air  pump  for  the  reason  that  it 
pumps  this  air.  The  dry-air  pump  simply  helps  the  other  pump 
along,  and  it  is  quite  probable  that  a  larger  ordinary  air  pump 
would  do  as  much  good.  At  all  events  there  are  cases  where  a 
vacuum  of  29  inches  has  been  maintained  without  a  dry-air  pump, 
as  in  the  cases  of  the  Louisville  pumping  engine  and  the  steam 
turbine  .plant  at  Newport,  R.  I. 

An  advisable  adjunct  of  the  high-vacuum  apparatus  is  an  air 
cooler,  which  makes  the  volume  of  air  to  be  pumped  smaller. 

The  most  prominent  means  of  promoting  economy,  however, 
at  the  present  time,  is  the  use  of  superheated  steam.  This  has 
been  in  use  in  Europe  for  a  longer  time  than  in  this  country,  and 
has  been  especially  promoted  in  Germany.  There  is  no  doubt 
that  it  reduces  steam  consumption  to  a  great  extent.  If  we  look 
at  the  records  of  the  test  of  the  Louisville  pumping  engine,  for 
example,  we  shall  see  that  while  the  engine  as  a  whole  used  12.16 
pounds  of  dry  steam  per  indicated  horse-power  per  hour,  the 
cylinders  themselves  used  only  10.12  pounds.  Of  course  this 
economical  cylinder  performance  was  caused  by  the  superheat- 
ing effect  of  the  jackets  and  reheater.  If  now  some  external 
appliance  could  superheat  the  steam  to  such  an  extent  that  the 
engine  as  a  whole  would  use  as  httle  steam  as  the  cylinders  did 
alone,  the  total  economy  of  steam  would  be  greatly  improved 
and  the  duty  would  have  been  182  000  000  foot  pounds  instead 
of  152  000  000  foot  pounds  per  1  000  pounds  of  dry  steam.  It 
would  be  perfectly  possible  to  do  this,  and  even  the  Louisville 
engine  could,  without  doubt,  be  made  to  give  a  duty  of,  say, 
180  000  000  foot  pounds  or  even  more  by' the  use  of  superheated 
steam. 
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While  this  is  perfectly  true,  the  question  arises,  At  what  cost 
in  fuel  can  the  steam  be  superheated?  On  this  point  there  is 
but  little  information  available.  If  the  steam  could  be  super- 
heated by  waste  gases  from  the  boiler  it  would  be  all  gain,  but 
it  can  only  be  done  some  25  to  35  degrees  by  means  of  the 
vertical  type  of  boiler.  This  is,  of  course,  advantageous,  and 
I  have  been  informed  that  the  most  economical  cotton  mills 
are  those  with  Manning  boilers. 

There  is  one  thing  that  can  often  be  done,  and  it  seems  to  me 
that  it  always  ought  to  be,  when  not  impracticable,  and  that  is  to 
reheat  the  steam'  between  the  cylinders  by  means  of  the  gases 
from  the  boilers  instead  of  by  means  of  live  steam.  I  designefl 
such  a  reheater  a  number  of  years  ago,  but  not  until  recently  was 
one  used.  This  I  designed  for  the  Barr  engine  at  Haverhill,  with 
the  result  that  the  duty  was  found  on  each  of  two  tests  to  be 
about  150  000  000  foot  pounds  per  1  000  pounds  of  steam.  An 
engine  of  this  type  and  size  with  a  steam  reheater  gives  about 
128  000  000  foot  pounds  duty.  The  gases  in  this  case  super- 
heated the  steam  betweeen  the  cyhnders  about  60  degrees  F., 
and  this  it  was  able  to  do  because  the  pressure  of  steam  be- 
tween the  cyhnders  is  so  low.  Here  is  a  clear  gain  at  no  cost 
for  fuel,  and  small  cost  for  apparatus. 

In  regard  to  methods  of  superheating  steam  at  boiler  pressure, 
it  can  be  done  in  connection  with  superheaters  in  the  boiler  set- 
ting, or  in  separate  furnaces.  In  the  former  case  sometimes  the 
superheat  varies  with  the  intensity  of  the  fire  as  determined  by 
the  damper  regulator,  while  sometimes  the  superheat  can  be 
kept  approximately  constant  by  means  of  dampers  for  varying 
the  supply  of  hot  gases  to  the  superheater  regardless  of  the  in- 
tensity of  the  fire. 

Separate  superheaters  can  raise  the  temperature  of  the  steam 
to  any  reasonable  amount,  and  these  are  held  by  many  to  be  the 
most  desirable  form,  not  only  on  this  account,  but  because  the 
degree  of  superheat  can  be  controlled.  If  they  are  used  the  fuel 
is  quite  an  item,  and  the  escaping  gases  should  be  used  for  heat- 
ing feed  water. 

Tests  have  been  recently  made  in  Philadelphia  of  a  Rice  & 
Sargent  compound  engine,  without  steam  jackets,  with  a  reheater, 
and  provided  with  Edge  Moor  water  tube  boilers  and  a  separate 
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Schmidt  superheater,  by  Albert  C.  Wood  and  Prof.  D.  S. 
Jacobus.  The  guarantee  was  that  the  engine  should  not  use 
more  than  10^  pounds  of  steam  per  indicated  horse-power  per 
hour  with  the  steam  at  140  pounds  and  superheated  from  240 
to  290  degrees  F.  With  ordinary  dry  steam  the  engine  was 
guaranteed  to  consume  not  more  than  13^  pounds. 
The  following  are  some  of  the  results: 

Date  of  test,  June  19  and  20. 

Duration,  14  hours. 

Average  temperature  of  steam  entering  superheater, 

„  ,,  ,,       ,,       leaving  ,, 

,,  ,,  ,,     escaping  gases, 

,,  ,,  ,,     steam  at  throttle, 

,,  „  ,,       ,,       ,,     h.  p.  cylinder, 

,,  ,,  ,,     exhaust  at  h.  p.       ,, 

,,  ,,  ,,     steam      ,,   1.  p.        ,, 

,,  ,,  ,,     exhaust  of  1.  p.        ,, 

Average  steam  consumption   per   I.  H.   P.  per  hour,  with 

superheated  steam, 
do.  with  saturated  steam  on  July  24, 
Coal  used  per  I.  H.  P.  per  hour  with  saturated  steam, 

do.  with  superheated  steam, 
Saving,  1.41  —  1.2.3  ^  0.18  lbs.  = 
Applying  all  corrections  the  report  calls  the  saving, 

You  have  many  times  had  your  attention  called  to  the  differ- 
ent methods  of  stating  and  computing  the  duty  of  pumping  en- 
gines and  the  arguments  for  them.  The  coal  method  is,  of  course, 
the  commercial  method,  but  it  is  obviously  improper  when  only 
an  engine  is  purchased  and  the  maker  is  required  to  guarantee  his 
engine.  For  this  purpose  the  duty  is  usually  based  upon  the  con- 
sumption of  1  000  pounds  of  dry  steam.  The  more  proper  method, 
although  one  that  fails  to  become  popular,  is  the  heat  unit  method. 
It  is  more  correct,  because  the  steam  engine  is  a  heat  engine,  and 
heat  does  the  work.  The  method  by  weight  of  steam  is  not  quite 
right,  because  different  steam  pressures  and  different  qualities 
of  steam  are  used  at  different  times,  and  therefore  1  000  pounds 
of  steam  does  not  always  contain  the  same  number  of  units  of 
heat. 

The  method  by  heat  units  is  somewhat  laborious,  and  requires 
some  knowledge  of  the  properties  of  heat.  It.  may  be  outlined 
as  follows:  When  steam  passes  into  a  steam  cylinder,  or  series 
of  cylinders,  it  has  a  certain  number  of  units  of  heat  in  each 
pound.     This  is  made  up  of  the  heat  of  vaporization  and  of  the 
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liquid  of  the  same  temperature,  and  if  it  is  superheated,  an  addi- 
tional amount.  When  it  leaves  the  engine  it  has  the  heat  corre- 
sponding to  the  temperature  of  the  discharge  from  the  condenser, 
as  shown  by  a  thermometer  in  the  hot  well.  The  difference  be- 
tween these  quantities  has  been  used  by  the  engine.  If  the  en- 
gine has  jackets  and  reheaters,  the  same  number  of  units  of  heat 
exists  in  each  pound  entering  them,  but  as  the  condensation 
leaving  these  parts  is  hotter  than  the  condenser  discharge,  a 
different  number  of  units  of  heat  leaves  the  jackets  and  reheaters. 
Subtracting  the  number  leaving  from  the  number  entering  gives 
the  number  used  by  these  accessories,  per  pound.  By  multiply- 
ing the  number  in  a  pound  by  the  number  of  pounds  passing 
through  the  cyUnders,  and  similarly  with  the  steam  passing 
through  the  jackets  and  reheaters,  and  adding  them  together, 
there  results  the  total  number  of  units  of  heat  used  by  the  en- 
gine. This  sum  is  then  used  in  computing  the  duty.  While  it 
is  simple  enough  after  one  becomes  familiar  with  it,  I  do  not  be- 
lieve that  it  will  ever  become  sufficiently  popular  to  be  often 
used. 

While  upon  this  subject  I  want  to  urge  you  not  to  specify 
unusual  methods  of  computing  the  duty  when  purchasing  a  new 
engine.  The  reason  for  this  is  that  a  standard  method  is  in 
force,  and  has  for  its  object  the  existence  of  something  with 
which  comparisons  can  be  made,  and  thus  to  have  the  means 
of  judging  of  the  excellence  of  a  new  engine,  or  of  the  perfection 
of  maintenance  of  an  old  one.  If  a  new  method  of  determining 
the  duty  of  an  engine  is  used  the  result  cannot  be  compared 
with  the  standard,  and  therefore  there  are  no  means  of  knowing 
whether  the  new  engine  is  good  or  not. 
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RAINFALL  AND  RUN-OFF  FROM  CATCHMENT  AREAS 
IN    NEW    ENGLAND. 

BY   L.    M.    HASTINGS,    CIVIL   ENGINEER,    CAMBRIDGE,    MASS. 
[Read  December  9,  1903. J 

The  preparation  of  a  reliable  estimate  of  the  flow  or  run-off 
which  may  be  expected  from  a  given  catchment  area  is  a  matter 
often  of  vital  interest  to  manufacturers,  municipal  officers,  and 
engineers.  Upon  the  correctness  of  these  estimates  may  depend 
the  success  or  failure  of  large  enterprises  requiring  the  investment 
of  many  thousands  of  dollars  of  capital,  or  the  comfort,  health, 
and  even  the  lives  of  thousands  of  people  dependent  for  water 
upon  the  adequacy  of  a  public  water  supply. 

Every  consideration  of  prudence  and  public  safety  points  to 
the  requirement  that  such  an  estimate  be  not  over  sanguine  in  its 
anticipated  results,  else  in  the  case  of  a  stream  developed  for 
power,  disappointment  may  come  from  a  stream  overdeveloped 
and  so  working  uneconomically ;  or  in  the  case  of  pubhc  water 
supply,  the  capacity  of  the  works  may  be  found  disappointingly 
small,  which  usually  means  an  extension  and  increase  of  the 
supply.  It  seems  to  be  generally  true  that  but  few  works  have 
given  as  large  a  supply  or  have  served  the  community  as  long  as 
was  'at  first  expected. 

It  is  wise,  therefore,  that  all  the  data  of  value  relating  to  the 
subject  should  be  collected  and  the  entire  question  studied  with 
great  care.  Realizing  this,  the  United  States  Government  has 
caused  an  extended  series  of  investigations  to  be  made  into  the 
subject,  the  reports  giving  the  results  of  which  form  a  series  of 
valuable  papers.  Some  of  the  states  —  notably  the  state  of 
New  Jersey,  in  a  valuable  report  published  in  1894 — have  done 
the  saftie  thing.  The  subject  has  also  been  quite  fully  discussed 
in  various  papers  published  in  the  2\ansactions  of  the  American 
Society  of  Civil  Engineers. 

While  the  best  method  of  determining  the  run-off  from  a  given 
area  is  to  measure  the  flow  of  the  stream  draining  the  area,  yet 
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it  is  seldom  possible  to  carry  these  measurements  over  a  period 
long  enough  to  be  of  much  value  in  determining  the  average  or 
the  minimum  flow  —  so,  often,  other  means  are  necessary. 

RAINFALL. 

As  the  rainfall  upon  an  area,  its  amount  and  distribution,  is 
the  most  important  element  in  determining  the  run-off,  it  nat- 
urally receives  the  largest  share  of  attention.  For  a  considerable 
period  now,  observations  of  temperature  and  rainfall  have  been 
kept  in  a  satisfactory  manner  at  many  points  in  the  country, 
under  the  auspices  of  the  United  States  Weather  Bureau.  While 
these  observations  have  not  yet  been  extended  enough  in  time 
to  be  taken  except  in  the  absence  of  other  rainfall  records  carried 
over  longer  periods,  there  can  be  no  doubt  that  in  the  future  they 
will  prove  invaluable. 

In  New  England  and  the  eastern  states  many  private  observers 
have  records  of  rainfall  extending  back  to  the  early  part  of  the 
last  century.  While  into  these  earher  records,  it  is  true,  some 
errors  may  have  crept,  and  while  it  is  probable  that  the  same  care 
was  not  taken  (especially  in  the  measurement  of  snow)  as  is 
now  required,  they  will,  nevertheless,  prove  of  interest,  and  the 
error,  if  any,  may  be  expected  to  be  on  the  side  of  safety  in  at 
least  not  overestimating  the  amounts. 

Two  interesting  questions  occur  here:  How  many  years' 
observations  are  required  to  give  a  fairly  reliable  average  result? 
and,  Within  what  period  is  the  minimum  rainfall  Uable  to  occur? 

With  regard  to  the  first  ciuestion,  the  longer  the  period  con- 
sidered, of  course,  the  more  reUable  the  result  and  the  less  will 
the  average  obtained  depart  from  the  true  average.  Mr.  Alexan- 
der Binnie,  an  English  engineer,  in  a  paper  read  before  the  Insti- 
tute of  Civil  Engineers,  in  1892,  on  "  Variation  in  the  Amount  of 
Rainfall,"  examined  over  150  long-time  records  of  rainfall  obtained 
in  various  parts  of  the  world,  —  the  United  States,  Great  Britain, 
the  European  Continent,  and  India,  —  and  from  the  numerous 
cases  cited  draws  the  conclusion  that  "  dependence  can  be  placed 
on  any  good  record  of  thirty-five  years'  duration  to  give  a  mean 
rainfall  correct  within  2  per  cent,  of  the  truth."  For  records  of 
twenty  years'  duration,  the  error  may  be  expected  to  be  3.25  per 
cent. 
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Mr.  Alfred  J.  Henry,  chief  of  division,  United  States  Weather 
Bureau,  in  a  paper  on  "  Rainfall  of  the  United  States,"  1896, 
finds  by  comparing  some  long-time  records  obtained  in  this  coun- 
try that  at  least  thirty-five  to  forty  years'  observaticfns  are  re- 
quired to  obtain  a  result  that  will  not  depart  more  than  5  per 
cent,  above  or  below  the  true  normal  average. 

The  second  question  will  be  referred  to  later. 

Upon  Plates  I  and  II  are  shown  diagrammatically  the  annual 
rainfall  for  eight  locahties  in  full  lines,  while  the  .annual  average 
by  ten-year  periods  is  shown  in  broken  lines. 

The  Lowell  rainfall  diagram  is  from  records  kept  by  the  Pro- 
prietors of  Locks  and  Canals  at  Lowell.  The  Waltham  diagram 
is  from  records  kept  by  the  Boston  Manufacturing  Company. 
Providence  and  New  Bedford  rainfall  are  taken  from  a  report  by 
Mr.  A.  T.  Safford  to  the  Fall  River  Reservoir  Commission,  1902. 
Boston  rainfall,  1820  to  1891,  is  taken  from  Mr.  D.  FitzGerald's 
paper  in  Transactions  American  Society  of  Civil  Engineers'^,  1892; 
for  1892-1900,  Sudbury  River  rainfall  (from  report  of  Metropoli- 
tan Water  and  Sewerage  Board,  1901),  is  used  to  complete  the 
Boston  record.  New  York  rainfall,  1836-1868,  is  from  the  report 
of  Isaac  Newton  on  New  York  Water  Supply,  1882;  and  1868  to 
1899  from  the  report  of  J.  R.  Freeman,  1900.  Philadelphia  rain- 
fall, 1824  to  1889,  is  from  report  on  geological  survey  of  New 
Jersey,  1894;  1890  to  1900,  from  department  of  public  works, 
Philadelphia. 

An  inspection  of  these  diagrams  will  at  once  suggest  the  ques- 
tion, Is  our  rainfall  increasing?  Prof.  Mark  W.  Harrington,  in  a 
paper  on  "  Rainfall  and  Snow  in  the  United  States,"  in  Bulletin 
■"C,"  Weather  Bureau,  examined  this  question,  but  as  the  data  were 
so  contradictory  and  inconclusive  he  reached  no  definite  conclusion. 
He  was  inclined,  however,  to  answer  the  question  in  the  negative. 
If  the  rainfall  records  shown  on  the  diagrams  taken  in  the  early 
periods  were  as  rehable  as  those  obtained  later,  the  conclusion 
from  some  of  them  —  notably  Nos.  1  to  4  —  might  be  drawn 
that  the  rainfall  was  increasing.  Some  of  the  records,  on  the 
other  hand,  show  that  a  maximum  was  reached  in  the  middle  of 
the  last  century,  and  that  the  rainfall  is  now  decreasing.  Atten- 
tion should  be  called  to  the  extremely  high  average  shown  in  the 
Boston  record  for  the  period   1S61   to   1870    the  average,  57.30 
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inches,  being  far  above  that  of  any  other  period  shown.  A  study 
of  the  following  tabulation  of  the  averages  may  also  be  instruc- 
tive. 

TABLE  No.  1. 
Showing  Average  Annual  Rainfall  (Inches)  by  Ten- Year  Periods. 


Providence 
New  Bedford 
Walthani     .    . 

Lowell      .    .    . 


Boston 

Harvard  Observatory 
Philadelphia  .  .  .  . 
New  York  &  Croton  . 
Worcester 


42.25± 
40.31± 
39.61 

38".6l± 


36.87 
44.27 
40.49 
39.35 
41.18 

42^40 
41.55± 


§ 


41.21 
44.94 
40.74 
40.27  I 
42.92' 
43.28 
45.24 
42.47 
42.80 


43.73 

44.76 
42.84 
*46.54 
44.14 
50.03 
49.23 
44.25 
48.22 
52.46 


47.56 
46.27 
42.52 
45.93 
44.07 
t57.30 
45.23 
46.74 
53.19 
44.35 


47.84 
46.  SS 
40.66 
45.24 
42.65 
50.26 
44.99 
42.21 
44.81 
141.58 


49.07 
48.69 
44.15 
46.46 
46.76 
48.78 
44.60 
39.59 
51.21 
42.75 


48.90 

47.72 
44.74 
44.47 
40.93 
46.37 
41.19 
40.38 
48.37 
42.82 


♦Second  observing:  station.    fObserve  the  abnormally  large  rainfall.     JSix  years  1875-1880. 

An  inspection  of  the  diagrams  might  also  suggest  the  query 
whether,  in  certain  cases,  especially  in  the  designing  of  works 
whose  life  was  expected  to  be  Hmited  to  a  short  period,  say  twenty 
or  thirty  years,  it  might  not  be  best  to  consider  the  rainfall  average 
obtained  from  a  comparatively  short  time. 

If  the  rainfall  in  certain  localities  is  increasing,  a  long  period 
average  will  give  too  low  a  result;  while,  on  the  other  hand,  if  the 
period  of  maximum  rainfall  has  passed  and  it  is  now  decreasing, 
the  inclusion  of  that  period  of  large  rainfall  might  give  too  large 
an  average. 

The  range  or  variation  in  the  amount  of  annual  rainfall  is  re- 
markable, especially  in  the  Boston  record,  the  maximum  amount 
being  67.72  inches  in  1863,  and  the  minimum  being  35.56  inches 
in  1883,  while  at  Sudbury  River  the  rainfall  for  1883  is  given  as 
32.78  inches. 

Another  interesting  fact  shown  by  the  diagrams  is  that  years  of 
large  or  maximum  rainfall  recur  at  intervals  of  approximately 
ten  years,  while  the  years  of  low  or  minimum  rainfall  recur  at 
much  longer  intervals. 


DISTRIBUTION    OF    RAINF.\LL. 

In    a    study   of    rainfall    in    its    relation    to    run-off,  its    sea- 
sonal distribution  through    the  year  is  important.     ^Ir.  Clemens 
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Herschel,   hydraulic   engineer,  of   New  York,   in   discussing   this 
subject  says, 

"  Observations  show,  however,  that  the  distribution  of  rainfall, 
the  times  and  the  rates  at  which  it  falls,  have  a  most  potent 
effect  on  the  relation.  Hence  it  is  that  years  of  practically  the 
same  rainfall  have  widely  differing  amounts  of  run-off,  not  to 
speak  of  the  differences  of  yield  of  months  and  single  showers  hav- 
ing the  same  measure  of  inches  of  rain." 

"  It  is  in  the  study  of  the  effect  of  these  additional  factors  upon 
the  run-off  of  streams,  in  the  study  of  effect  of  slopes,  of  the  quality 
of  surface,  and  to  some  extent  of  the  distribution  of  rainfall,  that 
the  customary  percentage  proportions  of  rainfall  to  flow  of  streams, 
have  their  proper  place  and  have  value." 

The  diagrams  already  referred  to  show  the  rainfall  for  the 
various  localities  and  years  as  though  it  were  uniformly  distributed 
throughout  the  year:  such  of  course  is  not  the  case. 

The  heavy  fulHines  upon  the  diagrams.  Figs.  1,  2  and  3,  show 
the  average  rainfall  by  months  as  observed  at  Philadelphia, 
Harvard  Observatory,  and  Sudbury  River,  Boston  Water  Works. 

It  is  interesting  to  observe  that  the  average  monthly  rainfall 
does  not  vary  greatly,  but  on  the  whole  the  rainfall  is  rather 
uniformly  distributed  throughout  the  year,  also  that  the  maxi- 
mum amount  at  Philadelphia,  Harvard  Observatory,  New  York, 
and  many  other  places  occurs  in  August  (commonly  supposed  to 
be  a  dry  month).  Extremely  large  rainfalls  are  also  recorded  for 
this  month  at  many  stations  —  15  inches  at  Harvard  Observatory, 
and  16.84  inches  at  Philadelphia.  The  broken  line  shows  in 
each  ease  the  rainfall  of  an  exceptional  year  and  indicates  the 
wide  monthly  range  which  sometimes  occurs. 

RAIN    GAGES. 

It  is  often  important  to  study  rainfall  for  periods  shorter  than 
a  month.  For  this  purpose  the  records  obtained  by  the  auto- 
matic rain  gage  are  extremely  useful.  Such  gages  are  now 
constructed  and  sold  at  a  moderate  cost,  are  quite  rehable,  and 
give  results  which  cannot  fail  to  be  instructive,  for  they  record 
not  only  the  amount  of  precipitation  up  to  any  given  time,  but 
they  also  show  the  rate  at  which  it  has  occurred  at  any  time, 
often  an  important  factor.  The  diagram,  Fig.  5,  shows  four 
records  which  were  obtained  in  the  summer  of  1900  by  an  auto- 


37 


Fig.  1. 
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Fig.  2. 


39 


Fuif^.   3    AND    4. 
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matic  rain  gage  at  City  Hall,  Cambridge,  and  while  the  total 
amount  was  not  large,  the  ra^e  was  exceptionally  so.  The  first 
Occurred  August  10,  1900,  and  for  five  minutes  gave  a  rate  of 
6  inches  per  hour;  the  maximum  rate  of  the  second  was  2.81 
inches  per  hour  for  sixteen  minutes;  the  third,  1.80  inches  per  hour 
for  ten  minutes,  and  the  last  a  rate  of  3.75  inches  per  hour  for 
eight  minutes. 


f^ont  Cambr/efge  auiomakic  rain  ^^tu^e. 


i.j| 

— 

i.o" 

p 

■S 

K^ 

jl^ 

t*r.M      S      7  A 
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'^ug  Jo  /poo.     Sepi  ii  looo. 


Fig. 


Much  has  been  written  concerning  the  curious  fact  that  the 
elevation  of  the  gage  above  the  ground  has  a  marked  influence 
-on  the  amount  of  rainfall  received  in  the  gage,  the  elevated  gages 
recording  less  than  those  placed  at  or  near  the  ground.  This 
difference  amounts  in  some  cases  to  10  to  15  per  cent,  for  small 
elevation,  say  20  feet,  while  for  elevations  of  150  feet  the  differ- 
ence may  be  50  per  cent.  Attention  was  first  directed  to  this 
fact  by  an  English  scientist,  Heberden,  in  1769,  in  a  paper  read 
before  the  Royal  Society  of  London. 

No  entirely  satisfactory  explanation  of  this  has  as  yet  been 
given,  but  it  is  generally  believed  to  be  due  largely  to  the  effect 
of  wind  playing  about  the  receiver  of  the  rain  gage.  Professor 
Nipher  of  St.  Louis  ('•laims  that  with  a  suitably  constructed  wind 
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guard  or  shield  the  gages  will  record  the  same,  regardless  of  their 
elevation. 

This  subject  has  been  discussed  by  Mr.  D.  FitzGerald  in  a 
paper  read  before  the  Boston  Society  of  Civil  Engineers,  August, 
1884,  and  recently  by  Prof.  Cleveland  Abbe  in  a  report  to  the 
United  States  Department  of  Agriculture.  As  but  Uttle  atten- 
tion has  been  paid  to  the  effect  of  the  elevation  of  the  gage 
upon  the  amount  collected  until  recently,  it  seems  not  unhkely 
that  some  of  the  older  records  are  more  or  less  inaccurate  for 
that  reason. 

EVAPORATION. 

Since  the  major  part  of  the  water  falhng  on  the  land  must 
flow  from  it  or  be  evaporated,  the  matter  of  evaporation  is  closely 
alHed  to  that  of  rainfall,  especially  if  there  are  large  water  sur- 
faces contained  in  the  catchment  area.  It  is  supposed  that  the 
annual  evaporation  bears  some  relation  to  the  mean  annual  tem- 
perature and  the  rainfall,  and  thus  having  these  two  quantities 
given,  the  run-off  can  be  computed. 

Mr.  C.  C.  Vermeule,  in  a  report  to  the  state  geologist  of  New 
Jersey,  1894,  suggests  an  ingenious  formula  expressing  tliis  rela- 
tion. This  formula  he  has  modified  slightly  in  a  subsequent  report 
on  forests  in  1899.  While  the  results  given  by  it  agree  quite 
closely  in  some  cases  with  the  observed  quantities,  in  others  a 
considerable  difference  is  noted,  showing  that  the  formula  is 
useful  only  when  the  conditions  are  similar  to  those  from  which 
the  formula  was  deduced. 

The  evaporation  from  water  surfaces  has  been  extensively 
studied  in  this  country.  As  is  well  known,  Mr.  FitzGerald 
carried  out  a  very  elaborate  series  of  experiments  and  obser- 
vations to  determine  the  amount  and  the  law  of  evaporation 
from  water  surfaces,  and  described  the  same  in  a  paper  found 
in  the  Transactions  of  the  American  Society  of  Civil  Engineers, 
1886.  Mr.  Arthur  T.  Safford,  C.E.,  in  a  report  on  the  water 
supply  of  Fall  River,  Mass.,  1902,  reports  observations  of  the 
evaporation  during  the  years  1899,  1900,  and  1901,  near  that 
city.  Observations  have  also  been  carried  on  at  New  York, 
Philadelphia,  and  other  places. 
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The  mean  annual  evaporation  given  by  Mr.  FitzGerald  is  39.12 
inches,  or  85  per  cent,  of  the  mean  annual  rainfall. 

Little  experimental  data  seems  to  be  available  of  the  evapora- 
tion from  the  soil  in  this  country.  Mr.  J.  T.  Fanning,  in  his 
treatise  on  "  Water  Supply  Engineering,"  quotes  some  English 
experiments  on  evaporation  from  the  soil.  One  set  at  White- 
haven, England,  1844  to  1853,  gave  an  evaporation  of  29.21 
inches,  with  a  rainfall  of  43.50  or  69.1  per  cent.  Another  at  Lee 
Bridge,  1860  to  1873,  gave  an  evaporation  from  soil  of  19.534 
inches  on  a  rainfall  of  27.7  inches,  or  70  per  cent.  None  of  these 
figures  probably  include  the  water  absorbed  and  transpired  by 
vegetable  and  plant  life. 

In  the  absence  of  experimental  data  to  determine  the  evapo- 
ration from  land,  the  total  loss  by  evaporation,  absorption  by 
plant  life,  and  percolation,  may  readily  be  determined  in  streams 
where  the  run-off  has  been  observed,  and  indeed,  this  method  is  in 
many  respects  more  reliable  than  any  experimental  observations 
could  be,  as  it  may  be  carried  out  on  a  large  scale  under  condi- 
tions as  thev  actuallv  occur  in  nature. 


TABLE  No.  2. 

Showi.vg  Loss  by  Evaporation,  etc.,  on  Sudbury  and  Croton 
River  Areas. 


Sudbury  River 

Croton  River 

Sudbury  River 

Croton  River 

187.5-1900. 

1S68-189U. 

1883. 

1880. 

6 

1 

6 

Is. 

5 

s 

<2  S 

ia  "2 

|ll 

II 

!I 

COB  S 

O  OS  o 

11 

"s 

"w 

a  o 

2 

«!5. 

«^ 

^a^ 

«  " 

^■^ 

a~' 

^£. 

«t^ 

^55 

03 

£ 

«  'Z. 

&. 

=3 

t 

g 

w 

W 

w 

u 

Jan. 

4.35 

2.20 

2.15 

4.20 

2.69 

1.51 

2.81 

0.60 

2.21 

0.98 

heh. 

4.44 

3.17 

1.27 

4.13 

2,99 

1.14 

3.87 

1.66 

2.21 

1.01 

Mar. 

4.48 

5.23 

-   .75 

4.03 

3.91 

0.12 

1.78 

2,K7 

-1.09 

1.45 

Apr. 

3.22 

3.44 

-0.22 

3.18 

2.98 

0.20 

1.84 

2.33 

-   .49 

2  39 

May 

3.37 

1.95 

1.42 

3.78 

1.84 

1.94 

4.19 

1.67 

2.52 

3.82 

June 

2.93 

0.81 

2   12 

3  36 

0.87 

2  49 

2.40 

0.52 

1.88 

5.34. 

July 
Anff. 

3.72 
4.0«.» 

(1  :m 

:',  :'„s 

I  .S7 

(1  r,ii 

1    ..'7 

■> .  08 

0.20 

2.48 

6.27 
5.97 

Sept. 

3.21 

0     1  1 

2    Sli 

1.02 

II    ,S  1 

:;  IS 

1..52 

0.16 

1.36 

4.86 

Oct. 

4.3.5 

0 . 9;', 

;j.42 

1    3.80 

0.94 

2 . 8(i 

5.60 

0.33 

5.27 

3.47 

Nov. 

4.27 

1.G2 

2.65 

4.12 

1.72 

2.40 

1.81 

0..35 

1.46 

2.24 

Dec. 

3.55 

1.86 

1.69 

3.71 

2.13 

1.58 

3.55 

0.35 

3.20 

1.38 

Total 

46.01 

22.49 

23.52 

48.07 

22.50 

25.57 

32.78 

11.18 

21.60 

36.92 

12.63 

24.29 

39.12 

43 


In  Table  No.  2,  the  losses  by  evaporation,  etc.,  for  the  Sudbury 
and  Croton  River  areas  are  shown,  together  with  the  average 
evaporation  from  a  water  surface,  as  given  by  Mr.  FitzGerald. 
From  this  it  appears  that  the  total  losses  from  a  land  surface 
are  but  60  per  cent,  of  the  evaporation  from  a  water  surface. 
It  is  interesting  also  to  note  the  close  ratio  the  total  loss  has 
to  the  rainfall  in  the  two  areas  compared.  The  average  on 
the  Sudbury  is  51.1  per  cent,  and  on  the  Croton  53.2  per  cent., 
while  for  the  year  of  lowest  rainfall,  1883,  on  the  Sudbury,  it 
was  66  per  cent.,  and  for  the  lowest  year  on  the  Croton,  1880.  it 
was  the  same  —  66  per  cent. 

This  relation  of  rainfall,  run-  off,  and  loss  on  the  Sudbury  River 
area  is  also  shown  graphicall}-  on  the  diagrams.  Figs.  4  and  6, 
where  the  rainfall  mass  is  shown  in  two  parts,  the  heavier  shaded 
portion  representing  the  run-off,  and  the  lighter  shaded  portion, 
the  loss  by  evaporation,  etc. 

The  exceedingly  small  mass  of  run-off  in  July,  August,  and  Sep- 
tember illustrates  the  dryness  of  these  months  and  the  value  of 
storage  reservoirs  to  enable  the  surplus  run-off  of  the  preceding 
months  to  be  carried  over  and  used  then  to  bring  up  the  low  flow. 


Fig.  6. 
It  seems  to  be  a  fortunate  provision  of  nature  that  the  annual 
amount  of  evaporation  does  not  vary  greatly  from  year  to  year. 
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Thus,  the  loss  on  the  Sudbury  River  area  for  1883,  the  dryest  year 
recorded  there,  varied  less  than  2  inches  from  the  average  loss 
for  twenty-six  years ;  and  the  same  is  true  of  the  Croton  River  area. 
Mr.  George  W.  Rafter,  in  an  excellent  paper  on  the  "  Relation 
of  Rainfall  to  Run-off,"  United  States  Geological  Survey,  1903, 
in  speaking  of  what  he  calls  the  "  persistency  of  rates  of  evapo- 
ration," says  : 

"  The  persistency  of  the  amount  of  evaporation  for  any  given 
stream  at  about  the  same  figure  through  long  periods  of  time 
was  first  pointed  out  by  Messrs.  Lawes,  Gilbert,  and  Warrington 
in  their  classical  paper,  "  On  the  Amount  and  Composition  of 
Rain,"  etc.,  in  1881. 

''  As  to  why  evaporation  exhibits  such  persistency,  these  dis- 
tinguished authors  consider  it  largely  due  to  the  fact  that 
the  two  principal  conditions  which  determine  large  evapo- 
ration —  namely,  excessive  heat  and  abundant  rainfall  — very 
rarely  occur  together.  The  result  is,  especially  in  the 
Enghsh  chmate,  a  balance  of  conditions  unfavorable  to  large 
evaporation.  In  a  wet  season,  w^hen  the  soil  is  kept  well  supplied 
with  water,  there  is  at  the  same  time  an  atmosphere  more  or  less 
saturated,  \vith  an  absence  of  sunshine,  while  in  dry  seasons  the 
scarcity  of  rain  results  in  great  dryness  of  the  soil,  with  scant, 
slow  evaporation." 

MAXIMUM    RUN-OFF. 

The  maximum  run-off  from  an  area  has  little  commercial  value, 
and  is  important  to  study  principally  in  the  designing  of  works 
which  will  remove  the  flow  without  damage.  In  the  construction 
of  sewers,  culverts,  water  courses,  and  spillways  for  dams,  it  is 
of  the  utmost  importance  to  determine  the  maximum  rate  of  flow 
which  may  be  expected,  that  their  capacity  may  not  be  over- 
taxed and  serious  damage  result.  In  the  determination  of  maxi- 
muni  rates  of  rainfall  on  comparatively  small  areas  as  a  prelimi- 
nary to  estimating  the  maximum  rate  of  run-off,  the  use  of  an 
automatic  rain  gage  will  be  found  of  great  service.  Having 
determined  the  maximum  rate  of  rainfall  for  the  length  of  time 
it  takes  the  flood  wave  to  reach  the  culvert  or  sewer  outlet,  the 
rate  of  discharge  or  maximum  run-off  may  be  computed  with  fair 
accuracy  by  the  use  of  formulas,  with  the  aid  of  coefficients 
adapted  to  meet  the  conditions  of  the  case  in  hand.  In  the  city 
of  Cambridge,  for  instance,  it  was  found  that  for  twenty-minute 
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periods  the  maximum  rate  of  rainfall  to  be  expected  was  2.5 
inches  per  hour,  and  so  all  storm-water  drains,  culverts,  etc., 
are  designed  to  take  the  flow  produced  by  that  rate,  using  to 
determine  this  flow,  the  formula  proposed  by  Burkli-Ziegler  and 
adapted  by  Rudolph  Hering,  adopting  a  variable  coefficient  suited 
to  the  character  of  the  surface  of  the  area  considered. 

In  most  cases  actual  gagings  of  a  stream  or  water  course  of  this 
character  are  extremely  difficult,  as  the  effect  of  a  sudden  shower 
or  burst  of  rain  is  soon  over  and  the  ''  flood  wave  "  gone. 

In  cases  like  this,  self-registering  gages  are  of  great  service. 
Interesting  results  have  been  obtained  by  their  use  at  Cambridge 
and  at  Hartford  and  Philadelphia,  in  connection  with  sewer 
work  undertaken  by  these  cities. 

Of  the  flood  flow  from  large  areas,  httle  exact  information  can 
be  given.  Mr.  Vermeule,  in  his  report  already  referred  to,  has 
compiled  a  table  which  gives  the  maximum  and  minimum  flow 
from  many  areas  of  varying  sizes.  Some  of  the  figures  are  here 
reproduced,  the  areas  being  arranged  in  the  order  of  sizes.  In 
general,  it  may  be  said  that  the  larger  areas  give  smaller  rates  of 
flood  flow,  while  the  smaller  areas  give  smaller  rates  of  minimum 
flow.  This  tendency  is  also  referred  to  in  the  comparison  of  the 
flow  from  New  England  areas  farther  on  in  this  paper. 


Catchment 

Maximum  Flow, 

Minimum  Flow, 

Stream. 

Area, 

cu.  ft.  per  sec. 

cu.  ft.  per  sec. 

sq.  miles. 

per  sq.  mile. 

per  gq.  mile. 

Ohio  River 

19  000.0 

6.17 

0.114 

Potomac  River 

11  476.0 

15.25 

0.093 

Connecticut  River 

10  234.0 

20.27 

0.510 

Kanawha  River 

8  900.0 

13.49 

0.123 

Delaware  River 

6  770.0 

37.50 

0.170 

Merrimac  River  * 

4  664.0 

20.87 

0.310 

Raritan  River 

879.0 

.59.50 

0.200 

Passaic  River 

796.9 

24.20 

0.190 

Concord  River 

361.0 

12.32 

0.170 

Croton  River 

338.8 

74.87 

0.150 

Ramapo  River 

159.5 

66.10 

0.140 

Perkiomen  River 

152.0 

34.90 

0.050 

Neshaminy  River 

139.3 

41.40 

0.009 

Tohickon  Creek 

102.2 

54.30 

0.001 

Sudbury  River 

75.2 

41.38 

0.036 

Croton  River,  West  Branch 

20.3 

54.44 

0.020 

*  Including  Nashua,  Sudbury  and  Cochituate  catchment  areas,  amounting  to  213  sq.  miles. 
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MEAN  RUN-OFF. 

In  estimating  the  flow  of  a  stream  for  power  purposes  the  mean 
or  average  flow  is  of  importance,  as  it  is  then  desired  to  know  the 
maximum  flow  of  the  stream  in  an  average  year  to  which  it  will 
be  wise  to  develop  the  power  and  construct  the  wheel  plant,  so 
that  as  full  use  of  the  water  power  as  is  possible  may  be  made; 
also,  how  much  below  this  maximum  or  "full  power"  will  the 
stream  fall  during  dry  times,  when  water  power  will  have  to  be 
supplemented  with  steam.  Here,  again,  long-time  gagings  of  the 
stream  itself  are  the  most  reliable  of  any  data.  Sometimes 
gagings  of  a  stream  similarly  situated  may  be  used  and  applied 
to  the  case,  or,  if  no  gagings  are  obtainable,  but  a  good  rainfall 
record  is  to  be  had,  the  probable  run-off  can  be  computed  from 
that  by  formula.  Mr.  Vermeule,  in  his  report,  has  suggested  a 
method  by  which  this  may  be  done. 

Probably  the  average  flow  of  streams  and  their  value  for  power 
and  manufacturing  purposes  are  matters  about  which  more 
litigation  has  been  had  than  any  other  question  in  hydrauHcs. 
Many  communities  of  New  England  and  their  water-works  offi- 
cials have  had  occasion  to  know  and  appreciate  the  value  of  water 
as  power  from  the  numerous  suits  brought  to  recover  damages, 
by  reason  of  the  diversion  of  said  water  for  domestic  purposes. 

MINIMUM    RUN-OFF. 

For  water-works  purposes  the  minimum  seasonal  run-off  from 
an  area  is  of  the  most  importance,  and  it  is  the  question  which 
should  be  given  the  most  consideration.  As  most  water  works 
have  storage  reservoirs  of  more  or  less  capacity,  the  absolute 
minimum  flow  for  a  few  days  is  not  of  so  much  importance  as  the 
length  of  time  a  low  or  minimum  flow  may  continue.  It  is  a 
fact  io  be  remembered  in  this  connection  that  the  year  of  lowest 
rainfall  may  not  give  a  period  of  lowest  run-off.  The  distribution 
of  the  rainfall  has  an  important  effect  on  that  question.  Mr. 
Rafter,  already  quoted,  says  that 

"  the  total  run-off  of  a  stream  in  any  given  year  depends  very 
largely  on  the  run-off  of  what  may  be  called  the  '  storage  period.' 
Usually  about  0.75  or  0.85  of  the  total  rainfall  of  this  period  ap- 
pears as  rvm-off  in  the  stream,  while  for  summer,  or  the  growing 
period,  not  more  than  0.10  of  the  rainfall  appears.  This  great 
difference  is  due  to  greater  evaporation  as  well  as  to  the  absorp- 
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tion  of  water  by  plants  during  this  period.  Whether  any  given 
stream  is  low  during  the  summer  months,  or  has  then  a  well-sus- 
tained flow,  will  depend  very  largely  on  the  rainfall  of  May.  When 
the  May  rainfall  is  heavy  enough  to  produce  full  ground  water, 
the  flow  is  likely  to  be  well  sustained,  even  though  the  rainfall 
is  comparatively  low  during  the  summer  months  following.  If,  on 
the  contrary,  the  May  rainfall  is  so  low  as  to  leave  a  deficiency 
in  ground  water  for  that  month,  the  flow  will  be  low  during  the 
summer,  even  though  the  rainfall  is  large.  What  is  wanted, 
therefore,  in  a  stream  is  as  large  a  ground  flow  as  is  possible, 
with  small  evaporation." 

Upon  the  diagram  (Fig.  6)  is  shown  the  average  rainfall  for  the 
Sudbury  River  area,  1875  to  1900,  and  by  broken  lines  is  shown 
the  run-off  for  the  same  period,  expressed  in  inches.  In  March 
the  run-off  exceeds  the  rainfall,  while  for  the  six  months  from 
June  to  November  the  run-off  is  much  less  than  the  rainfall,  due 
to  losses  by  evaporation,  absorption  by  vegetation,  etc. 

There  is  a  marked  difference  in  the  percentage  of  rainfall  appear- 
ing as  run-off,  between  years  of  large  and  years  of  small  rainfall, 
especially  if  in  the  area  there  are  large  water  surfaces.  Thus  in 
the  Sudbury  River  area,  with  6.5  per  cent,  water  surface,  the 
average  run-off  is  48.8  per  cent,  of  the  average  rainfall,  while  in 
1880,  with  a  low  rainfall,  only  31.8  per  cent,  ran  off.  In  a  year  of 
large  rainfall  62.2  per  cent,  was  collected.  On  the  Croton  River, 
N.  Y.,  area  in  1868,  66.2  per  cent,  of  the  rainfall  was  collected, 
and  in  1883  only  31.2  per  cent,  was  collected. 

An  inspection  of  the  rainfall  diagrams  on  Plate  I  will  be  of  inter- 
est regarding  the  question  of  frequency  and  duration  of  periods 
of  low  annual  rainfall  as  affecting  minimum  run-off. 

If  35  inches  be  taken  as  the  measure  of  extreme  low  rainfall, 

it  is  found  that  annual  rainfalls  not  exceeding  that  have  occurred 

as  follows: 

Waltham    8  years  182.5  1844   1846  1874  1879    1880   1882   1883 

Harvard  Observatory  5  „  1844  1846  1866  188.3  1894 

Boston    4  „  1822  1828  1837  1846 

Providence   .5  „  1833  1835  1837  1846  1849 

New  Bedford 1  „  1846 

Lowell 7  „  1826  1834  183.5  1837  1846  1891   1894 

Philadelphia 9  „  1825  18.34  1856  1878  1880  1881  1885  1890  1895 

New  York  &  Croton    .  5  „  1836  1840  1842  1845  1849 

From  this  it  appears  that  it  is  but  rarely  that  two  years  of  low 
rainfall  occur  consecutively,  although  it  is  possible  that  years  of 
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low  run-off  may  occur  oftener  if  the  rainfall  is  so  distributed  to 
produce  that  result. 

GROUND    WATER. 

The  elevation  and  amount  of  ground  water  stored  on  an  area 
does  seem  to  affect  the  dry -weather  flow  to  a  marked  degree,  it 
being  noted  that  streams  from  an  area  largely  of  open,  porous 
soils  give  a  larger  dry-weather  flow  than  those  from  areas  having 
soils  of  a  clayey,  impervious  nature. 

FORESTATION, 

The  amount  of  forestation  on  an  area  is  also  believed  to  affect 
the  run-off  to  some  extent,  especially  the  minimum  rate,  although 
a  wide  difference  of  opinion  seems  to  exist  as  to  the  extent  of  this 
influence.  Mr.  Rafter  says  that  the  presence  or  absence  of  dense 
forests  on  catchment  areas  in  New  York  state  may  make  a  differ- 
ence of  as  much  as  5  or  6  inches  in  the  annual  run-off  from  the 
entire  area. 

He  also  thinks, 
"  that  the  removal  of  forests  decreases  stream  flow  by  allowing 
freer  circulation  of  air  and  by  causing  higher  temperature   and 
lower  humidity  in  summer,  and  so  producing  greater  evaporation 
from  water  surfaces  as  well  as  from  the  ground." 

"  That  the  removal  of  forests  renders  stream  flow  less  equal 
throughout  the  year,  and  so  causes  floods  and  periods  of  dry- 
ness in  rivers,  seems  to  be  beyond  reasonable  question,  for  the 
forest  litter  and  root  masses  serve  as  storage  reservoirs  — tendency 
to  equalize  the  flow  of  streams." 

Mr.  Vermeule  states, 
"  that  there  is  nothing  in  our  observations  of  stream  flow  which 
indicates  that  forests  or  other  vegetation  have  any  marked  effect 
upon  the  total  annual  evaporation  from  a  watershed,  but  that  upon 
deforested  areas  we  may  show  that  moderately  heavy  floods  are 
now  prevalent,  and  periods  of  very  low  flow  more  frequent  and 
longer  extended." 

"  The  effect  of  forests  in  holding  and  preserving  the  soil  upon 
slopes  is  very  well  known,  and  besides  this  they  create  a  mass  of 
humus  and  absorbent  matter  upon  the  surface  which  has  an 
effect  upon  stream  flow,  and  the  general  evils  resulting  from 
deforestation  are  a  matter  of  careful  observation  and  record,  so 
that  too  much  stress  cannot  be  laid  upon  the  desirability  of  pre- 
serving a  proper  area  of  forests." 

"  So  far  as   they -affect  the  flow  of  streams  we  consider  their 
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most  valuable  service  to  be  that  they  equalize  the  flow,  which  they 
do  to  a  marked  extent." 

SIZE    OF    AREA. 

The  size  of  the  catchment  area  has  also  been  held  by  some  to 
affect  the  run-off  and  its  distribution.  The  table  already  given 
from  Mr.  Vermeule's  report  would  seem  to  support  that  view. 

In  order  to  compare  the  run-off  at  different  seasons  from  New 
England  areas,  varying  widely  in  size,  but  similar  in  other  char- 
acteristics, the  exhibit  on  the  following  pages  was  prepared  (Table 
No.  3). 

The  areas  considered  are  the  Merrimac  River  area,  containing 
4  451  square  miles;  Nashua  River,  119  square  miles;  Sudbury 
River,  75.2  square  miles;  Stony  Brook  (Waltham),  22  square  miles; 
and  several  small  brook  areas  in  Fall  River,  containing  from  5.45 
to  less  than  one  square  mile  area.  The  years  selected  were  1899, 
1900,  and  1901,  because  the  observations  on  the  Fall  River  brooks 
were  taken  on  these  years  only.  These  figures  are  taken  from 
the  excellent  report  made  by  Mr.  Arthur  T.  Safford,  consulting 
engineer  to  the  Reservoir  Commission  of  Fall  River,  in  1902.  The 
year  1899  had  a  httle  less  than  the  average  rainfall,  while  1900 
and  1901  had  a  little  more  than  the  average. 

In  comparing  the  average  daily  run-off  from  the  areas  given  for 
each  of  the  three  years,  it  will  be  seen  that  the  rate  is  remarkably 
uniform  considering  the  different  sources  from  which  the  records 
were  obtained,  the  total  average  run  off  from  the  seven  areas  for  the 
three  years  being  1  063  000  gallons  daily  per  square  mile  of  area. 

The  average  run-off  for  the  wet  periods,  December  to  May  inclu- 
sive, on  the  other  hand,  show  a  tendency  to  increase  with  the 
decrease  in  catchment  area.  The  average  run-off  for  the  dry 
periods,  June  to  August  inclusive,  show  a  marked  decrease  with 
the  decrease  in  the  size  of  catchment  area  —  and  the  same  in 
some  degree  may  be  said  of  the  following  period,  September  to 
November  inclusive. 

Another  interesting  fact  to  be  noted  from  an  inspection  of  the 
figures  is,  that  while  the  average  yearly  flow  from  the  Sudbury 
River  area  is  about  the  same  as  the  others  shown,  the  run-off 
during  the  dry  period  is  extremely  small,  much  smaller  even  than 
that  from  the  smallest  area. 
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This  may  be  partly  accounted  for  by  the  large  percentage  of 
water  surface  contained  in  the  area  in  reservoirs,  ponds,  swamps, 
etc.,  but  even  after  making  a  correction  for  that  the  amount  is 
still  much  below  the  run-off  from  other  areas  for  the  same  period. 

It  is  plain  that  the  Sudbury  River  is  not  a  good  dry-weather 
stream,  and  that  estimates  based  on  the  flow  of  that  stream  as 
given  in  the  reports  would  at  least  be  conservative  and  safe  for 
most  areas  in  the  vicinity. 

This  but  illustrates  the  fact  which  can  scarcely  be  too  strongly 
emphasized  in  closing,  —  that  most  areas  are  to  a  certain  extent  a 
law  unto  themselves,  and  have  certain  peculiarities  of  their  own, 
which  should  be  carefully  studied  and  compared  in  the  Hght  of 
the  best  data  obtainable,  if  the  best  and  most  reliable  results  are 
to  be  secured. 

DISCUSSION. 

Prof.  Dwight  Porter.  Mr.  Hastings  has  referred  to  the 
formula  by  Mr.  Vermeule  of  New  Jersey,  by  aid  of  which  the 
evaporation  from  land  surfaces  can  be  computed.  I  have  a 
friend  here  from  California  who  tells  me  that  in  a  case  there  with 
which  he  is  famiUar  they  appUed  that  formula  to  the  evaporation 
from  land  surfaces,  with  the  result  that  the  evaporation  for  the 
year  was  shown  to  be  much  more  than  the  entire  rainfall  for  the 
year,  which  seems  to  be  an  absurd  result,  and  indicates,  I  think, 
the  danger  of  putting  too  much  confidence  in  a  formula  of  this 
kind,  especially  when  you  apply  it  to  a  region  distant  from  that 
for  which  it  was  framed. 

Mr.  Hastings.  I  think  Mr.  Vermeule  in  his  book  expressly 
states  that  the  formula  is  apphcable  primarily  to  New  Jersey, 
but  he  thought  it  might  be  apphcable  to  many  other  locahties. 
I  doubt,  however,  whether  he  would  want  to  apply  it  to  California 
or  Arizona. 

Mr.  Richard  A.  Hale.  I  have  been  ver}^  much  interested  in 
Mr.  Hastings'  paper,  and  I  think  there  are  a  good  many  impor- 
tant facts  in  it.  He  has  spoken  of  the  different  yield  of  large 
and  small  drainage  areas,  and  I  think  that  is  very  noticeable  in 
the  observations  taken  on  rivers  with  drainage  areas  of  different 
sizes.      At  Lawrence,  on  the  Merrimac,  which  is  one  of  the  rivers 
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which  Mr.  Hastings  refers  to,  we  have  a  minimum  yield  of  .3  of  a 
cubic  foot  per  second  per  square  mile  during  the  dry  season ;  and 
on  the  Shawsheen  and  Spicket  rivers,  which  are  adjacent,  with 
areas  of  only  about  70  and  84  square  miles  respectively,  the 
minimum  yield  is  about  one-third  of  that,  or  about  0.1  cubic 
foot  per  second  per  square  mile.  We  are  having  some  daily 
observations  made  on  these  rivers,  and  the  difference  is  par- 
ticularly noticeable  on  small  streams.  During  the  year  1900, 
which  was  an  exceedingly  dry  period,  the  minimum  weekly  flow 
of  the  Merrimac  was  .3  of  a  cubic  foot  per  second  per  square  mile 
(average  for  24  hours),  and  in  1883,  which  was  one  of  the  driest 
years  known  for  a  long  period,  the  flow  was  .25  of  a  cubic  foot 
per  second  per  square  mile,  which  is  as  low  a  discharge  as  the 
large  river  has  ever  given.  At  the  same  time  the  small  streams 
were  practically  dried  up,  showing  that  the  Merrimac  was  draw- 
ing from  the  underground  sources  of  supply. 

In  regard  to  the  tables  to  which  Mr.  Hastings  has  referred,  the 
yields  might  show  a  little  change  if  they  were  arranged  according 
to  the  order  of  dryness  in  each  year.  On  the  Merrimac  the  period 
from  June  to  August  is  not  always  the  driest  period,  but  Septem- 
ber and  October  are  often  the  driest  months  of  the  year,  and 
November  is  hkely  to  be  one  of  the  wet  months.  In  making 
comparisons  we  find  it  convenient  to  take  a  series  of  years, 
arranging  the  months  from  the  driest  to  the  wettest,  and  taking 
the  averages  of  the  driest  months  in  each  year,  the  second  driest, 
and  so  on.  But  Mr.  Hastings'  arrangements  afford  the  means  of 
very  interesting  comparisons,  and  are  certainly  of  great  value. 

It  would  be  of  great  interest  if  more  records  could  be  kept  in 
regard  to  the  flow  of  small  streams,  and,  where  there  are  pumping 
stations  and  dams,  records  of  what  is  pumped  and  what  runs  to 
waste  would  indicate  the  yield  and  the  run-off  of  the  streams. 
It  is  a  matter  which  can  be  arranged  for  very  readily  where  there 
are  dams  and  overflows.  Records  of  this  sort  are  very  valuable, 
and  Mr.  Newell,  the  Chief  Engineer  of  the  Hydrographic  Survey, 
is  making  a  very  important  compilation  of  such  records.  The 
data  are  of  great  benefit  in  increasing  our  general  knowledge  of 
the  flow  of  streams. 
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METER    RATES. 

BY  FREEMAN  C.  COFFIN,  CIVIL  AND  HYDRAULIC  ENGINEER, 
BOSTON,      MASS. 
[Read  January  13,  1904.] 

Engineers  and  water-works  officials  are,  I  think,  becoming 
more  and  more  impressed  with  the  belief  that  the  general  use  of 
meters  is  desirable,  and  that  the  method  of  collecting  revenue  by 
means  of  fixture  rates,  which  is  now  almost  universal,  will  some 
time  become  obsolete  and  water  meters  become  as  imiversal  as 
gas  meters. 

There  is  at  present  some  popular  prejudice  against  their  use, 
people  be]ie\1ng  that  with  them  they  will  be  restricted  in  the  use 
of  water,  or  that  their  bills  will  be  larger. 

I  do  not  propose  to  offer  any  arguments  for  the  use  of  meters 
at  this  time.  We  have  had  some  such,  notably  an  excellent  one 
in  the  recent  paper  of  Mr.  J.  Herbert  Shedd.  The  results  in  every 
city  or  town  which  has  adopted  meters  to  a  considerable  extent 
are  substantial  arguments  for  their  use. 

What  I  wish  to  do  now  is  to  point  out  the  fact  that,  viewed  as  a 
scientific  method  of  assessing  water  rates,  the  meter  system,  in 
so  far  as  a  basis  of  rates  is  concerned,  is  in  almost  as  chaotic  a 
state  as  the  fixture  rate  system  itself.  Several  years  ago  in  a 
paper  which  the  present  writer  read  before  this  Association,  he 
made  the  following  remarks : 

"  If  the  rates  in  any  system  are  not  satisfactory,  being  either 
too  high  or  too  low,  the  problem  of  their  adjustment  to  the  require- 
ments of  expenditure  is  one  of  which  it  may  not  be  too  much 
to  say  that  no  solution  has  been  advanced  that  considers  the  con- 
ditions of  the  problem. 

"  The  same  may  be  said  of  fixing  rates  for  new  works.  The 
only  method  that  the  writer  is  cognizant  of  is  that  of  comparison, 
and  comparison  of  rates  only  and  not  of  conditions  as  well.  To 
collect  the  schedules  of  several  systems  and  construct  rates  from 
these  without  regard  to  such  factors  as  cost  of  construction  per 
capita,  consumption  of  water  per  capita,  cost  of  water  per  million 
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or  thousand  gallons,  etc.,  is  not  a  rational  method,  and  gives  no 
assurance  that  the  revenue  will  be  approximately  equal  to  the 
requirements ;  yet  many  if  not  all  rates  are  fixed  in  this  way. 

''  There  can  hardly  be  a  theory  advanced  for  the  adjustment  of 
fixture  rates.  It  is  possible  that  with  the  sale  of  water  oy  meas- 
urement, rates  could  be  devised  that  would  bear  some  relation 
to  the  revenue  required.  This  would,  however,  be  difficult  and 
uncertain  until  more  data  upon  the  subject  are  available." 

These  remarks  are  as  true  to-day  as  they  were  then.  When 
meters  are  to  be  introduced  to  a  large  extent  in  any  water-works 
system,  some  system  of  charges  must  be  devised. 

The  object  should  be  to  so  arrange  these  charges  as  to  secure 
just  about  enough  revenue  each  year  to  meet  all  of  the  expenses 
of  maintenance  that  are  not  met  from  sources  other  than  water 
consumers,  so  that  the  minimum  charge  shall  allow  the  class 
paying  the  lowest  rate  under  meter  regulations  an  abundance  of 
water  for  reasonable  use,  but  none  for  waste;  also  arranged  so 
that  people  with  large  houses  and  a  great  number  of  fixtures 
cannot  by  exceedingly  close  calculation  escape  with  paying  the 
equivalent  of  one  faucet  rate,  and  above  all  to  encourage  the  pre- 
vention of  leaking  fixtures  and  the  accompanying  excessive  per 
capita  consumption  of  water. 

If  water-works  officials  wish  to  arrange  suitable  meter  rates, 
what  have  they  to  guide  them,  where  can  they  look  for  informa- 
tion? If  they  ask  their  consulting  engineer  for  advice,  what  can 
he  answer  them?  where  can  he  go  for  data  on  the  following 
points? 

Namely:  How  much  shall  be  the  charge  per  thousand  gallons? 
What  shall  be  the  minimum  annual  charge?  To  what  class  of 
service  shall  it  apply?  How  much  water  shall  be  allowed  for  the 
minimum  rate?  If  the  minimum  rate  is  adjusted  for  the  single- 
faucet  class  of  consumers,  will  the  revenue  from  large  houses  with 
many  fixtures  be  commensurate  with  the  comfort  and  luxury  of 
the  service  furnished?  If  not,  how  can  this  case  be  met?  How 
can  meter  rates  be  arranged  in  a  place  with  a  large  summer  and 
small  permanent  population? 

The  above  are  all  practical  (questions.  Who  can  answer  them 
with  any  degree  of  confidence? 

The  rates  must  be  arranged,  however,  so  that  on  the  one  hand 
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the  revenue  shall  be  sufficient,  and  on  the  other  that  the  charges 
to  careful  consumers  shall  be  equitable  and  not  more  burden- 
some than  the  old  fixture  charges. 

There  must  be  an  accumulation  of  valuable  data  upon  all  or 
many  of  these  points  in  the  water  offices  of  those  municipahties 
which  have  a  considerable  proportion  of  their  services  metered, 
but  no  one  engineer  or  no  one  board  of  water  commissioners  can 
collect  and  digest  them. 

In  view  of  the  foregoing,  and  in  order  to  bring  this  matter  up 
for  discussion,  I  make  the  following  motion.  It  is  not  pressed 
for  immediate  action,  but  it  is  hoped  that  before  long  this  Asso- 
ciation, following  its  past  record  in  undertaking  the  consideration 
of  problems  that  call  for  co-operative  action,  will  carry  out  the 
suggestion  in  some  form. 

Moved:  That  a  committee  of  this  Association  be  appointed 
to  consider  the  question  of  meter  rates  for  water  service,  collect 
and  digest  information,  and  submit  to  the  Association  a  schedule 
or  schedules  designed  to  meet  various  conditions  of  a  metered 
service,  or  a  basis  upon  which  such  schedules  can  be  arranged; 
that  this  committee  consist  of  five  members;  that  the  committee 
be  authorized  to  expend  a  sum  not  exceeding  fifty  dollars  in  print- 
ing, postage,  and  other  necessar}^  expenses  involved  in  the  collec- 
tion of  data. 
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TOPICAL    DISCUSSION. 
[JaniMry  13,  1904.] 

Pres.  Edavin  C.  Brooks.  I  may  mention  one  little  thing  in 
my  recent  experience.  It  is  very  simple,  perhaps  trivial,  and 
it  may  be  of  no  importance;  possibly  many  people  are  doing  the 
same  thng  every  day;  but  during  this  cold  spell,  when  shutting 
off  water  from  houses  was  a  constant  occtipation,  we  found  that 
a  good  many  covers  of  standpipes  or  service  boxes  were  frozen 
down,  and  the  men  had  to  run  into  the  neighboring  houses  after 
hot  water  to  thaw  them  out  so  they  could  get  the  covers  off.  It 
happened  to  occur  to  one  man  that  a  little  benzine,  poured  on  to 
the  top  of  the  cover  and  lighted,  would  be  a  good  thing.  It  was 
tried  and  the  consequence  is  that  we  don't  have  to  run  after  hot 
water  any  more.  A  bottle  of  benzine  holding  a  quart  will  be 
sufficient  for  perhaps  fifty  service-box  covers.  It  does  the  work 
perfectly,  and  it  isn't  necessary  to  annoy  any  householder,  — 
and  you  know  that  oftentimes  we  may  have  to  go  into  three  or 
four  houses  before  we  can  get  a  pail  of  hot  water.  Now,  as  I 
say,  that  is  a  little  thing,  something  which  everybody  ought  to 
have  thought  of,  but  how  many  have  thought  of  it? 

Mr.  Joseph  E.  Beals.     Will  kerosene  do  instead  of  benzine? 

The-  President.  Kerosene  does  not  light  readily,  but  a  Uttle 
naphtha  does  very  nicely.  You  know  that  the  ordinary  Morgan 
-box  has  a  little  receptacle  around  the  screw,  and  by  the  time  the 
benzine  has  burned  out  the  cover  is  hot  and  the  thing  comes  up 
without  any  trouble.  And  even  the  old-fashioned  boxes  where 
the  cap  slips  down  over,  which  are  particularly  annoying  to  get 
up  in  brickwork,  yield  to  the  treatment  very  readily. 

Mr.  J.  C.  Hammond,  Jr.  Several  years  ago  I  read  in  one  of 
the  water-works  journals  about  the  use  of  Hme  for  thawing. 
We  had  a  3-inch  branch  running  into  a  court  with  only  one  or 
two  service  pipes  on  it,  and  it  froze, —  the  branch  and  the  whole 
business.  We  went  to  work  and  dug  down,  opening  a  hole  per- 
haps two  feet  deep,  when  I  happened  to  think  of  what  I  had  read. 
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We  were  close  to  a  lumber  yard  and  I  got  a  barrel  of  lime  and 
dumped  it  into  the  hole  and  threw  some  water  on  it;  and  the  next 
morning  when  we  came  there  the  pipe  was  thawed  out  and  the 
ground  was  all  softened. 

Mr.  Hardy,  superintendent  at  Holyoke,  can  tell  you  how  he 
thaws  out  a  frozen  pipe  without  digging. 

Mr.  J.  D.  Hardy.  We  have  a  boiler  on  wheels  which  we  use 
for  thawing  out  pipes.  We  can  draw  it  around  the  city  any- 
where with  one  horse,  and  we  connect  a  hose  pipe  to  the  boiler, 
and  on  the  end  of  the  hose  we  have,  say,  a  |-inch  pipe  about  six 
feet  long,  with  handles  on  it,  and  we  let  steam  on  under  from 
50  to  60  pounds  pressure,  start  it  down  into  the  ground,  and  it 
will  go  as  readily  as  you  can  imagine.  It  will  go  right  down. 
We  put  it  down  about  where  we  think  the  pipe  is  frozen,  and  let 
it  "  cook  "  there,  as  we  call  it,  that  is,  let  the  steam  be  on  for  a 
few  minutes;  and  if  that  doesn't  thaw  it  out  we  move  along  on  the 
line.  We  find  it  a  very  excellent  way  of  thawing  out  pipes  and 
very  handy  for  many  purposes. 

Mr.  Charles  K.  Walker.  I  have  been  thinking  of  this  thing 
and  have  been  trying  to  find  somebody  who  would  make  me  a 
small  gasolene  boiler  which  two  men  could  put  into  a  sleigh  and 
carry  around  to  thaw  out  hydrants  and  service  pipes,  but  I 
haven't  been  able  to  get  anybody  yet.  Such  a  machine,  weigh- 
ing, say,  from  200  to  250  pounds,  would  be  very  handy.  I  have  a 
boiler,  but  it  takes  two  horses  to  pull  it,  and  it  seems  to  me  that 
a  machine  might  be  made  which  could  be  run  with  kerosene  or 
gasolene  or  something  of  the  kind,  and  would  be  hght  and  easily 
handled,  and  which  would  do  all  the  business.  Now  if  the  gentle- 
man from  Holyoke  has  got  something  which  weighs  more  than 
250-  pounds  that  is  one  thing,  but  if  he  has  got  a  light  one  I  would 
like  to  talk  with  him. 

Mr.  Hardy.  Ours  is  very  easily  handled;  a  horse  will  take  it 
around  anywhere  without  any  trouble.  It  is  light  enough  so 
that  one  horse  can  pull  it. 

Mr.  Walker.  Of  course  you  can't  go  into  a  cellar  with  that 
and  thaw  out  into  the  street.  It  is  going  to  freeze  eight  or  ten 
feet  deep  in  Manchester  this  winter  if  it  keeps  on,  and  the  service 
pipes  are  Hkely  to  get  caught. 

Mr.  Hardy.     We  have  another  machine  that  we  use  in  going 
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into  cellars,  with  a  block-tin  pipe  which  we  can  run  out  if  we 
choose.  But  when  we  do  that  the  service  is  hable  to  freeze  up 
again,  unless  the  water  is  kept  running  continually.  But  with 
this  boiler,  when  you  once  thaw  out  a  pipe  or  a  hydrant  it  is  done 
for  the  winter.  There  is  no  probability  of  the  frost  going  down 
again,  —  that  is,  we  have  never  found  it  to  happen.  It  is  a  very 
convenient  thing  to  put  down  by  the  side  of  a  hydrant;  it  can  be 
done  very  quickly,  and  it  doesn't  injure  the  hydrant.  I  should 
like  to  have  any  of  you  gentlemen  come  up  to  Holyoke  and  see  it. 

Mr.  Frank  L.  Fuller.  Do  you  make  a  hole  with  a  bar  for 
your  steam  nozzle? 

Mr.  Hardy.  No,  it  goes  right  down  itself;  you  don't  have  to 
make  any  hole. 

Mr.  Fuller.     The  pressure  of  the  steam  will  make  a  hole? 

Mr.  Hardy.  It  will  make  a  hole,  clear  everything  right  out 
in  front  of  it, —  any  small  stone  or  anything  of  that  kind.  It  will 
go  down  in  the  time  I  have  been  talking  with  you.  At  least  it 
does  at  Holyoke. 

The  President.  With  regard  to  the  use  of  lime,  a  few  years 
ago  I  happened  to  be  up  in  Waltham  and  I  noticed  they  were 
putting  in  a  siding  on  an  electric  road  there.  There  must  have 
been  nearly  two  feet  of  frost  in  the  ground.  It  was  a  macada- 
mized street,  and  I  saw  them  scatter  along  on  the  line  for  their 
digging  several  barrels  of  Hme,  which  they  then  covered  up  with 
a  load  of  manure  and  wet  down.  The  next  day  the  ground  was 
in  perfect  shape  for  digging,  without  any  frost,  and  the  siding  was 
put  in  and  everything  finished  up  in  good  shape. 

The  plumbers,  who,  as  you  all  know,  have  had  a  particularly 
good  harvest  lately,  have  taken  up  the  idea  of  a  small  tubular 
boiler  about  12  inches  high  and  10  or  12  inches  in  diameter,  with 
three  or  four  1-inch  tubes  put  through  from  head  to  head,  and 
a  little  crude  safety-valve  and  stopcock  on  the  top  of  it.  That 
is  set  on  a  plumber's  furnace.  They  go  into  a  cellar  with  it  and 
in  a  very  few  minutes  will  have  steam  enough  so  they  can  thaw 
out  a  pipe  very  rapidly.  They  have  a  f-  or  ^-inch  rubber  hose 
with  a  piece  of  block-tin  pipe  on  the  end  of  it,  and  it  is  very  effec- 
tive indeed.  I  think  possibly  that  might  be  elaborated  so  as  to 
make  a  very  convenient  tool  for  water- works  people  to  use.  I 
think   a  combination  might  be  made  with  some  of  the  larger 
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burners  that  they  have  for  melting,  and  possibly  they  could  use 
kerosene  in  place  of  naphtha  if  the  naphtha  was  thought  to  be 
too  dangerous. 

Mr.  George  E.  Winslow.  I  will  tell  a  Httle  experience  I  had 
quite  a  number  of  years  ago  with  services.  I  wanted  a  boiler 
so  that  I  could  get  steam  or  hot  water  to  thaw  out  services,  but  I 
didn't  have  the  privilege  of  getting  it,  and  so  I  was  forced  to  use 
hot  water  when  I  could  find  any.  But  in  some  cases  it  was  rather 
inconvenient  to  get  hot  water,  and  after  I  had  this  experience 
which  I  am  about  to  relate  I  didn't  bother  any  more  to  try  to 
get  it.  I  had  a  service  which  ran  down  a  lane  and  turned  at  a 
right  angle  into  a  house,  and  that  was  frozen  for  its  whole  length. 
The  distance  from  the  angle  to  the  street  main  was  about 
eighty  feet.  I  had  to  dig  down  to  get  at  the  pipe,  and  then  I  used 
a  block-tin  pipe,  the  same  as  you  all  do,  and  used  cold  water  with 
a  Johnson  pump.  I  think  the  friction  of  the  water  against  the 
ice  wore  it  away,  but  at  any  rate  I  had  no  trouble  in  freeing  the 
pipe  with  cold  water,  and  I  never  bothered  to  get  hot  water  after 
that. 

The  President.  I  should  think.  Brother  Winslow,  that 
with  the  temperature  down  in  the  neighborhood  of  zero  the  cold 
water  would  become  ice  in  the  hole  in  which  you  were  working 
before  you  had  gone  along  a  great  way. 

Mr.  S.  a.  Agnew.  The  great  trouble  I  have  always  found 
in  thawing  out  a  service  pipe  in  that  way  has  been  that  it 
would  freeze  up  immediately  afterwards.  Mr.  Hardy's  method 
seems  to  be  the  best  in  that  it  warms  the  ground  down  under  the 
surface  and  the  pipe  doesn't  freeze  again.  But  where  a  pipe  is 
thawed  out  one  day  and  we  have  a  cold  night  following,  the  pipe 
will  freeze  up  again  unless  the  water  is  allowed  to  run.  That  is 
the  great  trouble  in  thawing  the  pipe  out  in  the  ordinary  way. 
By  Mr.  Hardy's  method  the  ground  is  warmed,  and  the  probability 
is  that  the  pipe  will  not  freeze  again  during  the  winter  unless 
there  is  another  unusually  severe  cold  spell. 

Mr.  Lewis  M.  Bancroft.  Mr.  President,  I  have  a  small 
boiler  which  I  think  perhaps  will  answer  Mr.  Walker's  purpose; 
or  rather,  one  hke  it,  for  I  don't  want  to  give  him  mine.  It  is 
about  a  foot  in  diameter  and  about  three  feet  high,  an  upright 
boiler.    It  only  has  one  tube  through  the  center.     I  place  it  over 
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a  charcoal  fire,  have  the  fire  pot  of  the  same  size,  and  I  can  get 
up  25  or  30  pounds  of  steam,  and  we  use  it  through  a  block-tin 
pipe. 

Mr.  Robert  S.  Weston.  There  is  a  boiler  made  for  chemical 
laboratories  in  sizes  varying  from  about  100  to  300  pounds  in 
weight.  It  has  one  tube  and  is  heated  either  by  a  charcoal  fire 
or  a  gas  burner,  and  I  should  think  it  would  answer  for  this  pur- 
pose very  well. 

Mr.  Walker.  I  want  one  with  more  than  one  tube.  I  want 
something  which  will  make  steam  faster  than  any  one-tube  affair. 
I  think  Mr.  Bancroft  is  all  right,  and  if  his  boiler  had  three  or 
four  tubes  I  think  I  would  take  it.  I  have  tried  to  have  some  of 
the  boiler  folks  get  up  something  for  me,  but  they  don't  seem  to 
know  how  to  do  it.  I  have  a  boiler  which  I  like  first  rate,  but 
it  takes  a  couple  of  horses  to  pull  it  around.  It  is  big  enough  to 
thaw  out  a  whole  city  in  a  httle  while.  It  is  10  horse-power  and 
will  do  quite  a  lot  of  business.  But  I  thought  there  might  be 
something  which  we  could  take  around  in  a  sleigh,  which  would 
weigh  200  or  250  pounds,  a  regular  boiler  with  five  or  six  tubes. 
That  is  my  idea  of  the  thing,  and  I  would  like  to  have  the 
President  tell  me  before  I  go  home  what  I  had  better  do. 

The  President.  I  think  you  had  better  get  an  automobile 
boiler,  and  I  wouldn't  use  charcoal  or  coal  at  all,  but  I  would 
have  a  good  efficient  kerosene  burner,  or  two  or  three  of  them,  if 
necessary. 

Mr.  Walker.     Where  can  I  get  such  a  thing  as  that? 

The  President.  I  think  you  ought  to  consult  the  advertising 
pages  of  the  Journal.     (Laughter.) 

Mr.  Walker.     That  is  pretty  good;  I  Hke  that  idea  first  rate. 

The  President.  I  might  volunteer  the  information  that  the 
Roberts  Boiler  Works  in  Cambridgeport  are  building  automobile 
boilers  all  the  time. 

Mr.  Walker.  I  am  afraid  of  automobiles.  (Laughter.)  I 
don't  like  the  sound  of  that  word.  However,  if  I  could  have  the 
same  kind  of  a  boiler  under  another  name  it  might  do.  (Laughter.) 

Mr.  Sullivan.  The  boiler  that  Mr.  Hardy  speaks  of  is  about 
two  feet  in  diameter  and  about  four  feet  and  a  half  high.  It  is 
on  wheels  and  he  can  take  it  anywhere  he  wants  to  and  can  use 
it  for  a  great  many  different  things  when  occasions  arise.     One 
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horse  can  haul  it  all  right,  and  I  think  it  is  a  good  thing  to  have  on 
any  works. 

Mr.  George  A.  Stacy.  As  near  as  I  can  make  out,  what  Mr. 
Walker  wants,  in  the  first  place,  is  a  boiler  that  will  act  quickly, 
and  it  seems  to  me  that  an  automobile  boiler  is  a  good  thing  in 
that  respect,  for  it  is  a  quick  steamer.  One  trouble  about  it, 
however,  is  that  you  have  got  to  keep  pumping  water  into  it  if  it 
is  generating  steam  rapidly,  for  if  you  don't  do  that  you  will  burn 
it  out.  My  idea  is  to  have  a  drum  above  the  boiler  and  connected 
with  the  top  and  bottom  of  it,  and  then  by  careful  management 
you  would  never  run  the  boiler  dry.  It  would  be  practically  a 
double  boiler;  you  could  take  your  steam  out  of  the  top  connec- 
tion, and  you  might  have  four  good  burners.  I  should  prefer 
kerosene  burners.  You  could  put  that  into  a  sleigh,  and  two  men 
could  handle  it.  That  is  something  I  have  been  thinking  of  and 
trying  to  get  up,  and  I  don't  know  of  anything,  so  far  as  the  boiler 
is  concerned,  which  for  safety  and  efficiency  and  quick  action  will 
beat  an  automobile  boiler,  and  that  can  be  readily  obtained- 
Now,  if  you  can  have  your  receiver  or  your  drum  to  insure  that 
you  are  going  to  have  water  in  the  boiler  under  ordinary  condi- 
tions, so  that  you  can  trust  a  man  with  it,  I  don't  see  why  you 
can't  light  your  fire  and  put  it  in  your  pung  and  have  everything 
all  ready  when  you  get  to  the  place  where  you  want  to  use  it. 
Then  if  you  want  to  take  it  down  into  a  cellar  you  can  do  so,  or 
if  you  want  to  run  up  by  the  side  of  a  hydrant  you  can  do  that, 
and  by  the  time  you  have  got  there  you  have  steam  enough  and 
water  enough  to  do  the  work,  and  when  you  get  through  you  can 
put  out  the  fire.  Of  course  it  is  necessary  to  have  some  sort  of  a 
shield  so  that  when  you  go  out  on  a  cold,  windy  day  you  can  keep 
your  fire  burning,  and  if  you  do  that  I  don't  see  any  difficulty 
about  getting  up  steam  and  having  something  handy  to  work 
with.  Of  course  if  you  have  got  to  do  some  more  extensive  work 
and  thaw  out  the  ground  you  need  an  eight  or  ten  horse-power 
boiler;  but  for  something  to  use  on  the  spur  of  the  moment,  in  fif- 
teen or  twenty  minutes,  something  which  you  can  put  into  your 
team  and  light  the  fire  and  be  all  ready  to  go  to  work  with  by  the 
time  you  arrive  at  the  place,  I  don't  know  of  anything  better  than 
an  automobile  boiler.  It  is  perfectly  safe  if  you  have  a  pop  safety- 
valve  on  it.     One  of  these  boilers  will  stand  400  pounds  pressure 
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and  you  don't  want  more  than  a  sixteenth  part  of  that  in  order  to 
do  your  work.  Put  your  pop  in  so  it  will  blow,  and  you  are  all 
right.     I  think  there  would  be  no  trouble  about  a  man  handling  it. 

The  President,  It  would  seem  to  me  as  though  the  drum 
Mr.  Stacy  speaks  of  would  be  rather  a  superfluity.  I  think  the 
ordinary  automobile  boiler  will  hold  water  enough  so  that  it  will 
be  perfectly  safe  from  burning  for  half  an  hour. 

Mr.  Stacy.  If  you  were  going  to  use  it,  Mr.  President,  I  should 
say  it  would  be  perfectly  safe  at  any  time,  but  I  am  providing  so 
that  men  can  use  it  who  are  not  much  acquainted  with  steam 
engineering. 

The  President.  If  you  have  your  drum  and  your  bottom 
boiler  filled  with  water  it  is  true  that  you  have  more  water,  but 
it  is  also  true  that  you  will  have  to  wait  longer  to  get  up  steam; 
and  your  man  is  relying  on  having  so  much  more  water  and  is  con- 
sequently going  to  presume  that  it  will  last  so  much  longer;  so 
I  think  the  danger  would  be  equally  as  great  in  one  case  as  the 
other.  I  think  a  little  gray  matter  is  necessary  to  make  the 
thing  work,  anyway. 

Mr.  Stacy.  That  may  be  true,  but  it  seemed  to  me  that  a 
drum  would  be  of  value  as  a  preventive  against  carelessness. 
It  wouldn't  be  necessary  for  me,  if  I  was  going  to  handle  it,  to 
have  a  drum,  but  I  shouldn't  want  to  send  an  ordinary  man  out 
with  it  without  one.  If  I  did,  I  should  expect  to  have  to  calk 
the  tubes  when  he  came  back  with  it. 
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FREEZING    OF    HOUSE    METERS. 

TOPICAL    DISCUSSION. 
[February  10,  1904.] 

Pres.  Edwin  C.  Brooks.  I  should  like  to  call  your  attention, 
gentlemen,  to  the  trouble  which  some  of  us  have  had  from  the 
freezing  of  meters  during  this  cold  weather.  I  had  hoped  that 
Mr.  Perkins,  of  Watertown,  could  remain  long  enough  to  relate  to 
you  the  experience  which  he  has  had  during  this  cold  spell,  but 
he  was  obliged  to  leave.  Before  going,  however,  he  told  me  that 
they  had  not  had  a  single  meter  freeze  in  their  outside  meter  boxes ; 
and,  considering  the  fact  that  those  meters  are  set  so  near  the  sur- 
face in  earthen  pipes,  that  seemed  to  me  very  remarkable.  He  told 
me  that  all  the  trouble  he  has  had  has  been  with  meters  in  houses; 
and  I  may  say  that  that  has  also  been  our  experience  in  Cambridge. 
Now  I  think  we  have  all  got  to  consider  seriously  the  question  of 
setting  meters  outside.  I  find  that  houses  are  sometimes  vacated 
where  meters  are  set,  the  families  go  away  and  no  notice  is  given, 
and  the  first  thing  we  know  somebody  throws  a  snowball  through 
a  cellar  window  which  unfortunately  happens  to  be  located  right 
over  the  meter,  and  the  meter  freezes  up. 

I  should  like  to  hear  the  experience  of  some  of  the  other  members 
in  regard  to  this  very  important  question. 

Mr.  E.  W.  Kent.*  I  have  no  meters  set  outside  in  earthenware 
pipes;  mine  are  all  inside.  I  have  about  2  200  meters,  and 
up  to  two  weeks  ago  Saturday  night  we  had  removed  101  that 
were  frozen. 

Mr.  Horace  G.  HoLDEN.t  All  our  services  run  into  the  houses 
below  the  foundations,  usually  a  foot  below  the  cellar  bottom. 
We  set  our  meters  at  this  depth  in  a  box,  and  they  are  covered  up. 
We  have  somewhere  about  600  meters,  and  I  think  there  haven't 
been  over  half  a  dozen,  or  about  1  per.  cent,  of  the  meters, 
that  have  been  frozen;  and  all  those  that  have  been  frozen  have 
been  where  somebody  has  removed  the  covers.  What  we  use  for 
a  box  is  made  out  of  old  cement  lined  pipe,  about  12  or  15  inches 

*  Superintendent  of  Water  Works,  Woonsocket,  R.  I. 
•  t  Superintendent  of  Water  Works,  Nashua,  N.  H. 
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long,  with  a  wooden  cover.  This  we  set  just  below  the  cellar 
bottom,  right  over  the  meter.  Where  there  is  any  clanger  of  its 
freezing  we  cover  it  up  with  bagging,  because  we  own  all  the 
meters  ourselves;  the  occupant  or  householder  never  owns  the 
meter;  they  are  all  owned  by  the  company. 

Mr.  Robert  J.  Thomas^*  Out  of  7  200  meters  we  have  had 
about  300  frozen  this  winter.  They  were  all  meters  which  were 
set  in  cellars. 

The  President.     I  should  like  to  hear  from  Mr.  King. 

Mr.  George  A.  KiNG.f     Most  of  our  meters  are  set  in  cellars. 

The  President.     Have  many  of  them  been  frozen? 

Mr.  King.     Yes;  I  couldn't  tell  the  number  though. 

The  President.     What  has  Mr.  Chace  got  to  say? 

Mr.  George  F.  Chace.  Nothing  uncommon,  Mr.  President. 
Like  other  people,  I  have  had  some  frozen  meters. 

The  President.  Can  Mr.  Robertson  tell  us  anything  about 
Fall  River? 

Mr.  W.  W.  Robertson.  I  should  say  our  experience  has  been 
similar  to  that  of  Mr.  Thomas.  We  have  about  the  same  number 
of  meters,  7  200,  and  we  have  had  about  300  frozen,  according  to  my 
best  recollection,  although  it  may  be  a  few  less  or  a  few  more. 

The  President.  We  should  like  to  hear  from  Mr.  Martin,  of 
Springfield.     I  suppose  it  has  been  pretty  cold  out  there. 

Mr.  a.  E.  Martin.  We  have  had  some  cold  weather,  Mr. 
President,  and  I  think  out  of  about  3  500  meters  we  have  had  60 
frozen,  all  of  them  in  cellars. 

Mr.  Frank  L.  Fuller.  We  have  911  meters  in  Wellesley,  and 
47  of  them  have  frozen.  So  far  as  I  know  they  w^ere  all  in 
cellars. 

Mr.  Lewis  M.  Bancroft.  We  have  about  1  050  in  Reading. 
About  75  of  those  are  in  boxes  in  the  streets.  We  have  had  no 
trouble  with  meters  in  those  boxes,  but  we  have  had  57  freeze  in 
cellars. 

Mr.  M.  F.  Collins. t  We  have  had  about  150  meters  frozen 
this  winter,  all  in  cellars;  no  outside  meter  has  frozen.  In  all,  we 
have  5  603  meters. 


*  Superintendent  of  Water  Works,  Lowell,  Mass. 
t  Superintendent  of  Water  Works,  Taunton,  Mass. 
t  Superintendent  of  Water  Works,  Lawrence,  Mass. 


RICHARDS. 


NOTES  ON  THE  CONSTRUCTION  OF  A  STORAGE 
RESERVOIR. 

BY    W.    H.    RICHARDS,    ENGINEER,    NEW    LONDON,    CONN. 
[Read  December  9,  1903.] 

In  the  following  paper  no  effort  is  made  to  completely  describe 
the  whole  work,  but  only  such  portions, of  the  construction  as  are 
somewhat  unusual. 

Owing  to  the  threatened  shortage  of  supply  occasioned  by  the 
scanty  rainfall  of  the  fall  and  winter  of  1900-1901,  it  became  nec- 
essary to  increase  the  supply  of  water  for  the  city  of  New  London, 
Conn.,  by  the  construction  of  an  additional  storage  reservoir. 
Work  was  begun  in  August,  1901,  and  the  reservoir  was  completed 
in  the  spring  of  1903. 

As  constructed,  the  reservoir  has  a  drainage  area  of  2.7  square 
miles,  covers  an  area  of  46.5  acres,  and  has  a  capacity  of  170  000- 
000  gallons,  it  being  so  arranged  that  any  surplus  can  be  stored  in 
the  main  storage  reservoir  at  a  lower  level. 

The  reservoir,  Plate  I,  is  situated  in  the  valley  of  a  large 
brook  surrounded  by  heavily  wooded  hills,  the  immediate  banks 
of  the  basin  being  gravel  and  sand  interspersed  with  granite 
bowlders.  The  sides  of  the  basin  were  thoroughly  grubbed  and 
all  soil  removed  down  to  clean  gravel,  but  the  bottom  of  the  basin 
being  composed  of  mud  from  4  to  6  feet  deep,  it  was  covered  with 
sand  to  a  thickness  of  about  1  foot,  after  removing  all  stumps 
and  projecting  roots.  As  the  water  stands  about  20  feet  deep 
over  this  area  and  in  no  place  comes  in  immediate  contact  with 
the  muck  or  decayed  vegetable  matter,  it  is  difficult  to  see  how 
any  considerable  deterioration  of  the  water  can  take  place.  The 
writer  is  aware  that  it  is  usual  to  expend  large  sums  of  money  in 
removing  the  last  vestige  of  decomposed  vegetation,  but,  inas- 
much as  most  large  reservoir  bottoms  will  be  covered  with  such 
a  deposit  in  a  few  years,  and  as  on  a  bottom  covered  with  sand 
the  water  does  not  come  in  direct  contact  with  the  decomposed 
vegetation  or  muck,   and   contamination  by  particles  in  suspen- 
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sion  is  thereby  avoided,  may  it  not  be  that  the  capacity  of  the 
muck  to  contaminate  by  sokition  has  practically  ceased  and  that 
large  expenditures  for  its  removal  are  unwarranted? 

At  the  upper  end  of  the  basin  a  shallow  arm  was  cut  off  from 


the  main  lake  by  a  so-called  filter  dam.  Above  this  dam  no  effort 
was  made  to  grub  or  cover  the  surface,  only  stumps  and  roots  being 
cut  off  close  to  the.  ground.  The  filter  dam  consists  simply  of  a 
bank  of  gravel  about  400  feet  long,  20  feet  high,  and  10  feet  wide 


PLATE  I. 
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on  top.  The  water  behind  this  bank  is  supposed  to  filter  through 
it  when  the  reservoir  is  drawn  down. 

In  this  connection  it  may  be  interesting  to  note  that  a  similar 
construction  in  the  lower  reservoir  has  been  in  use  about  thirty 
years,  with  excellent  results.  An  analysis  made  in  1887  showed 
a  great  diminution  in  color  and  in  organic  and  volatile  matter 
after  passing  through  the  dam. 

The  main  dam  consists  of  an  earth  and  gravel  embankment 
with  concrete  core  wall  abovit  1  200  feet  long,  the  embankment 
varying  in  height  from  10  to  25  feet  above  the  natural  surface. 
In  locating  this  dam  advantage  was  taken  of  a  series  of  low  hill- 
ocks, making  the  plan  somewhat  irregular  but  effecting  a  great 
saving  in  embankment  (Fig.  1).  Gravel  and  sand  of  various 
degrees  of  firmness,  going  to  an  unknown  depth,  underlie  the 
entire  site  of  the  dam. 

The  concrete  core  wall  was  located  close  to  the  inner  slope  of 
the  dam,  the  greatest  care  being  taken  to  make  it  impervious;  and 
as  no  dependence  was  placed  on  it  to  resist  strains  or  add  weight 
to  the  dam,  it  was  made  but  3  feet  thick  up  to  within  18  feet  of 
the  top,  where  it  begins  to  batter,  and  at  the  top  is  H  feet  thick. 
This  location  gave  room  for  the  largest  cross-section  and  conse- 
quent weight  of  embankment  below  the  core  wall,  where  needed. 
Views  of  the  dam  under  construction  are  given  in  Plate  II. 

The  concrete  was  formed  of  1  part  Portland  cement  and  9  parts 
of  gravel  and  sand  used  as  taken  from  the  pit.  This  material  from 
the  pit,  which  was  located  in  close  proximity  to  the  daiii,  was 
carefully  examined  at  frequent  intervals  and  the  material  kept  as 
near  the  proportion  of  3  sand,  2  fine  gravel,  and  4  stone  not  larger 
than  2^  inches,  as  possible.  The  concrete  was  mixed  very,  wet, 
H  to  2  parts  of  water  being  used  to  10  parts  of  stock,  and  was 
built  between  forms,  the  inner  surface  being  plastered  and  washed 
after  the  removal  of  the  forms.  It  was  found  that  mixing  the 
concrete  wet  vastly  increased  its  density  or  lack  of  porosity,  as 
when  thrown  between  the  forms  the  water  rose  to  the  top  and  ran 
off  or  evaporated.  The  concrete  was  built  up  in  layers  of  about 
2  to  3  feet,  a  triangular  wooden  block  being  placed  in  the  center  of 
the  top  of  each  layer  to  form  a  groove  to  dovetail  with  the  next 
layer.  The  embankment  on  the  outside  of  the  wall  was  composed 
of  sand  and  gravel,  the  finer  material  being  placed  next  the  core 
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wall  and  puddled,  the  coarse  material  outside  this.     This  construc- 
tion was  adopted   that  the  core  wall   might  have  as    firm  and 


uniform  a  backing  as  possible,  and  that  in  case  of  leakage  the 
water  might  find  its  way  through  without  destroying  the  embank- 
ment. 


PLATE  II. 


F]G.  1.     Part  of  Up-stream  Face  of  Dam  dx^ring  Construction. 


Fig.  2.     Part  of  Down-stream  Face  during  Construction. 
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The  embankment  in  front  of  the  wall  was  composed  of  loam 
thoroughly  rolled,  no  clay  being  available.  The  inside  slope  was 
paved  with  12-inch  paving,  the  outside  slope  was  finished  with 
loam  and  seeded.  The  slopes  were  2  to  1  inside  and  1-i-  to  1  out- 
side. 

In  a  portion  of  the  core-wall  trench  a  fine  sand  was  encoun- 
tered at  a  depth  of  34  feet.  Into  this,  4-inch  grooved  and  splined 
sheeting  was  driven  to  an  additional  depth  of  25  feet,  the  core 
wall  being  built  upon  it.  A  portion  of  this  sheeting  was  driven 
\vith  a  steam  rock  drill,  having  a  light  hammer  substituted  for 
the  drill,  the  whole  fastened  to  a  frame  and  lowered  into  the 
trench,  but  as  the  light  construction  of  the  drill  caused  it  to  break 
frequently,  an  ordinary  pile-driver  giving  very  light  blows  was 
finally  substituted;  but  the  experience  proved  that  with  a  suffi- 
ciently strong  machine  the  rock  drill  has  great  advantages  and 
economy  over  the  ordinary  pile-driver  for  driving  sheet  piles  in  a 
trench. 

The  gate-chamber.  Fig.  2,  was  built  of  concrete  similar  to  that 
of  the  core  wall  and  surmounted  by  a  stone  gate-house.  The 
spillway  and  wing  walls  were  of  granite.  The  spillway,  Plate  III, 
is  40  feet  wide,  or  15.8  feet  for  each  square  mile  of  watershed. 
The  greatest  observed  depth  of  water  on  the  overflow  has  been 
6  inches.  The  water  falls  over  the  spillway  with  a  perpendicular 
drop  of  3  feet,  and  then  runs  down  a  paved  slope  of  12  in  100 
into  the  brook  below  the  dam. 

Water  is  admitted  into  the  chamber  through  two  24-inch  sluice- 
gates and  flows  through  a  16-inch  and  20-inch  main  a  distance  of 
3  miles  to  the  main  storage  reservoir. 

The  cost  of  the  work  was  greatly  increased  by  the  difficulties 
of  transportation,  as  all  material  used,  including  1  000  tons  of 
pipe  and  nearly  4  000  barrels  of  cement,  had  to  be  carted  over 
10  miles  of  rough,  hilly  country. 

The  contract  for  the  work  was  completed  by  the  C.  H.  Eglee 
Co.  in  a  very  satisfactory  manner,  under  the  direction  of  R.  W. 
Chaffee,  Assistant  Engineer. 

DISCUSSION. 

Mr.  Frank  L.  Fuller.  I  should  like  to  ask  Mr.  Richards  to 
describe  a  little  more  in  detail  the  driving  of  this  sheet  piling  by  the 
steam  drill. 
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Mr.  Richards.  The  sheet  piling  was  4  inches  thick,  usually 
about  8  inches  wide,  grooved  and  spUned.  It  was  driven 
between  two  waling  pieces  laid  lengthwise  of  the  trench,  and  as 
the  trench  was  about  35  feet  deep  and  in  very  fine  sand  at  the 
bottom,  it  was,  of  course,  rather  difficult  to  use  an  ordinary  pile- 
driver  for  the  reason  that  its  operation  would  shake  the  sides  of 
the  trench  so  they  would  be  liable  to  cave  in;  and,  furthermore, 
every  brace  would  have  to  be  moved  when  you  moved  your  pile- 
driver  along,  and  there  were  a  good  many  of  them  in  a  35-foot 
trench.  So  we  tried  a  steam  drill,  first  with  a  hammer  we  made 
ourselves,  and  afterwards  with  one  which  was  made  by  the 
company.  So  long  as  the  drill  lasted  we  were  very  successful  in 
driving  the  piles,  —  that  is,  the  strokes  of  the  hammer  were  so 
near  together  that  the  pile  didn't  have  time  to  stick,  or,  in  other 
words,  the  sand  didn't  have  time  to  settle  around  it,  but,  having 
once  started,  the  pile  kept  going.  The  drill,  of  course,  was  made 
for  a  different  purpose,  and  it  broke  continually,  so  we  finally 
had  to  give  it  up  and  use  the  ordinary  pile-driver.  I  think  a 
more  strongly  made  drill  would  work  very  nicely,  and  I  understand 
that  they  make  one  now  especially  for  driving  piles. 
-    Mr.  Fuller.     How  heavy  was  the  hammer  you  used? 

Mr.  Richards.  My  impression  is  it  wasn't  more  than  10  or 
15  pounds;  it  was  very  light. 

A  Member.  I  beUeve  Mr.  Richards  has  some  very  interesting 
information  with  reference  to  an  impulse  wheel  and  rotary  pump, 
and  I  should  like  to  have  him  describe  that  to  us  in  a  few  words, 
if  he  will. 

Mr.  Richards.  I  am  not  quite  ready  to  describe  the  pumping 
station,  as  it  is  not  finished  yet,  and  I  don't  know  exactly  what 
it  will  do.  I  should  prefer  to  wait  until  I  have  tried  it.  However, 
I  can  say  that  we  were  very  peculiarly  situated  in  having  a  water 
supply  of  such  a  quality  that  we  couldn't  use  it  for  anything  else 
but  power,  so  we  use  it  for  power  to  pump  to  our  high  service. 
We  have  about  120  feet  head,  and  with  that  head  we  use  a  jet 
impulse  wheel,  a  Pelton  wheel,  in  one  case  coupled  directly  to  a 
rotary  pump.  We  have  another  wheel  which  is  coupled  on  to  an 
ordinary  triplex  pump.  So  far  it  appears  to  work  very  nicely. 
It  pumps  against  something  like  60  pounds.  When  it  is  tested 
I  shall  be  pleased  to  describe  it. 
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PROCEEDINGS. 

December  Meeting. 

Hotel  Brunswick, 
Boston.  December  9,  1903. 
President  Charles  K.  Walker  in  the  chair;  Willard  Kent,  Secre- 
tary. 

The  following  members  and  guests  were  in  attendance: 

Members. 
S.  A.  Agnew,  F.  E.  Appleton,  E.  W.  Bailey,  C.  H.  Baldwin,  L.  M.  Ban- 
croft, J.  E.  Beats,  J.  F.  Bigelow,  F.  D.  Berry,  George  Bowers,  E.  C.  Brooks, 
G.  A.  P.  Bucknam,  E.  W.  Bush,  L.  Z.  Carpenter,  George  Cassell,  G.  F.  Chace, 
C.  E.  Chandler,  R.  C.  P.  Coggeshall,  M.  F.  Collins,  H.  A.  Cook,  G.  E.  Crowell, 
A.  W.  Cuddeback,  C.  E.  Davis,  J.  H.  Flynn,  F.  L.  Fuller,  J.  C.  Gilbert,  A,  S. 
Glover,  F.  W.  Gow,  W.  R.  Groce,  R.  A.  Hale,  F.  E.  Hall,  J.  O.  Hall,  D.  A. 
Harris,  L.  M.  Hastings,  V.  C.  Hastings,  T.  G.  Hazard,  Jr.,  D.  A.  Heffernan, 
H.  G.  Holden,  J.  L.  Howard,  A.  F.  Hill,  W.  E.  Johnson,  J.  A.  Jones,  J.  Wm. 
Kay,  Willard  Kent,  G.  A.  King,  G.  A.  Kimball,  E.  S.  Lamed,  J.  W.  Locke, 
H.  V.  Macksey,  N.  A.  McMillen,  D.  A.  Makepeace,  A.  E.  Martin,  W.  E.  May- 
bury,  F.  E.  Merrill,  F.  L.  Northrop,  E.  M.  Peck,  Dwight  Porter,  J.  B.  Put- 
nam, C.  W.  Sherman,  J.  W.  Smith,  G.  H.  Snell,  H.  W.  Spooner,  W.  F.  Sulli- 
van, L.  A.  Taylor,  R.  J.  Thomas,  William  H.  Thomas,  J.  L.  Tighe,  D.  N. 
Tower,  W.  H.  Vaughn,  C.  K.  Walker,  W.  J.  Wetherbee,  F.  L  Winslow, 
G.  E.  Winslow.  —  72. 

AssoriATES. 
AlUs-Chalmers  Co.,  by  C.  W.  Houghton;  Harold  L.  Bond  &  Co.,  by  H.  L. 
Bond;  Builders  Iron  Foundry,  by  Frederick  N.  Connet;  Chapman  Valve 
Mfg.  Co.,  by  Edward  F.  Hughes;  Coffin  Valve  Co.,  by  H.  L.  Weston;  Hersey 
Mfg.  Co.,  by  Albert  S.  Glover,  James  A.  Tilden  and  Walter  A.  Hersey;  Wm. 
V.  Briggs,  by  William  F.  Woodman;  Henry  F.  Jenks;  Lead  Lined  Iron 
Pipe  Co.,  by  Thomas  E.  Dwyer;  Ludlow  Valve  Mfg.  Co.,  by  H.  F.  Gould;  H. 
Mueller  Mfg.  Co.,  by  W.  L.  Dickel;  National  Meter  Co.,  by  Charles  H.  Bald- 
win and  J.  G.  Lufkin;  Neptune  Meter  Co.,  by  W.  H.  Van  Winkle  and  H.  H. 
Kinsey;  Perrin,  Seamans  &  Co.,  by  J.  C.  Campbell;  Rensselaer  Mfg.  Co.,  by 
Fred  S.  Bates;  Stilwell-Bierce  and  Smith- Vaile  Co.,  by  F.  H.  Hayes;  Sum- 
ner &  Goodwin  Co.,  by  H.  A.  Gorham;  Thomson  Meter  Co.,  by  S.  D.  Hig- 
ley;  Union  Water  Meter  Co.,  by  F.  L.  Northrop  and  A.  S.  Otis;  Henry  R. 
Worthington,  by  Samuel  Harrison.  —  25. 
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Guests. 

L.  C.  McDermott,  Superintendent  Water  Works,  East  Orange,  N.  J.;  C. 
E.  Bliss,  C.  F.  Holmes,  Attleboro,  Mass.;  Henry  E.  Perry,  Superintendent 
Water  Works,  Dover,  N.  H.;  H.  L.  Dunn,  Hopedale,  Mass.;  W.  B.  Webber 
Brookline,  Mass.;  Charles  A.  Dean  and  W.  H.  Butler,  Water  Commissioners, 
Wakefield,  Mass.;  F.  A.  Allen,  Cambridge,  Mass.;  J.  E.  Bunting,  Boston; 
Walter  Phillips,  Weymouth,  Mass.;  Hon.  Leonard  B.  Chandler,  Mayor-elect 
of  Somerville,  Mass.;  H.  C.  Hunter,  Marlboro,  Mass.;  George  Goodhue,  Con- 
cord, N.  H.;  W.  E.  Lord,  A.  H.  Plouff,  Ip.swich,  Mass.;  S.  E.  Kieffer,  Cam- 
bridge, Mass.,  and  George  Z.  Taft,  L^xbridge,  Mass.  —  18. 

(Names  counted  twice,  —  3.) 

The  Secretary  read  the  following  names  of  applicants  for  mem- 
bership, the  applications  having  been  approved  by  the  Executive 
Committee : 

For  Resident  Member.— Gorham  Dana,  Boston,  Mass.,  Manager 
Underwriters'  Bureau  of  New  England;  Henry  E.  Perry,  Dover, 
N.  H.,  Superintendent  Dover  Water  Works. 

For  Non-Resident  Member.  —  L.  C.  McDermott,  East  Orange, 
N.  J.,  Superintendent  East  Orange  Water  Department;  George 
A.  Taber-  Brooklyn,  N.  Y.,  Assistant  to  Chief  Engineer,  Depart- 
ment of  Water  Supply,  New  York  City;  Worthington  Scranton, 
Assistant  to  President,  Scranton  Gas  and  Water  Company. 

On  motion  of  Mr.  Coggeshall  the  Secretary  was  directed  to 
cast  one  ballot  in  favor  of  the  appHcants,  which  he  did,  and  they 
were  thereupon  declared  elected  members  of  the  Association. 

Mr.  Charles  W.  Sherman.  In  view  of  the  fact  that  so  many 
of  our  members  had  such  a  pleasant  trip  this  morning  through 
the  East  Boston  tunnel,  I  think  a  vote  of  thanks  to  the  chief 
engineer  and  to  the  Boston  Transit  Commission  will  not  be  out 
of  place,  and  I  therefore  move  the  adoption  of  the  following  vote : 

Voted,  That  the  thanks  of  the  Association  be  given  to  Mr. 
Howard  A.  Carson,  chief  engineer,  and  through  him  to  the  Boston 
Transit  Commission,  for  courtesies  extended  to  us  at  our  visit 
to  the  East  Boston  tunnel  this  forenoon. 

Adopted. 

Mr.  Henry  F.  Jenks.  I  wish  to  say  a  few  words,  Mr.  Presi- 
dent, and  if  what  I  am  about  to  say  does  not  seem  to  be  proper 
I  had  rather  not  be  called  to  order  until  after  I  get  through.  Many 
of  us  who  arc  now  here  remember  our  trip  to  Montreal  last  Sep- 
tember, and  we  know  that  it  must  have  required  a  great  deal  of 
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hard  work  and  the  exercise  of  good  judgment  to  have  worked  out 
the  details  of  the  trip  as  nicely  as  it  was  done.  Everything  passed 
off  very  pleasantly,  and  for  the  Associates  I  can  say  that  we  had 
the  best  rooms  for  our  exhibition  that  we  have  ever  had;  and  1 
think  we  all  agree  that  the  trip  was  one  of  the  best  the  Association 
has  ever  made.  I  therefore  move  a  vote  of  thanks  to  our  efficient 
committee,  Mr.  Merrill,  Mr.  Holden,  and  Mr.  Kent,  and  to  such 
others  as  assisted  in  making  the  occasion  so  pleasant  for  us. 

The  President.  It  is  not  in  order  to  pass  a  vote  of  thanks 
to  members  of  the  Association  for  anything  they  do  for  us.  So. 
while  they  are  certainly  entitled  to  our  thanks,  and  we  can  think 
so  as  much  as  we  please,  yet  it  will  not  be  in  order  to  put  your 
motion,  Mr.  Jenks. 

Mr.  Jenks.     That  is  satisfactory  to  me. 

The  President  then  introduced  Hon.  L.  B.  Chandler,  the  newly 
elected  mayor  of  Somerville,  who  made  a  brief  response. 

The  first  paper  of  the  afternoon  was  by  Mr.  W.  H.  Richards, 
Engineer  and  Superintendent  of  Water  Works,  New  London, 
Conn.,  entitled,  "Notes  on  the  Building  of  a  Storage  Reservoir." 

Mr.  L.  M.  Hastings,  C.  E.,  Cambridge,  Mass.,  then  presented 
a  paper  on  "  Rainfall  and  Run-Off  from  Catchment  Areas," 
which  was  discussed  by  Professor  Porter  and  Mr.  R.  A.  Hale. 

Mr.  W.  R.  Groce.  Some  three  years  ago,  Mr.  President,  I 
had  a  bill  put  into  the  Legislature  providing  that  the  matter  of 
the  collection  of  water  rates  be  put  on  the  same  basis  as  the  col- 
lection of  taxes,  that  is,  that  the  real  estate  be  holden  for  the  water 
rates,  but  the  committee  to  which  it  was  referred  reported  that  it 
was  not  desirable  to  pass  it.  Now,  I  should  like  to  have  this 
Association  take  that  matter  up,  and  I  move  that  a  committee 
be  appointed  to  consider  the  advisability  of  asking  the  Legisla- 
ture to  pass  such  a  bill,  so  that  we  cail  collect  the  water  rates 
from  the  owner  of  the  real  estate,  just  the  same  as  the  tax  collec- 
tor can  collect  the  taxes. 

Mr.  Dexter  Brackett.  I  should  like  to  ask  if  it  is  the  inten- 
tion that  this  committee  shall  have  authority  to  represent  the 
Association  before  the  Legislature. 

The  President.     I  so  understand  it. 

Mr.  C.  F.  Knowlton.  I  don't  believe  the  Association  wants 
to  send  a  committee  to  the  Legislature  to  tell  the  Legislature 
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that  the  Association  desires  certain  legislation.  If  a  committee 
is  to  be  appointed  I  think  the  committee  should  report  back  to 
the  Association  and  then  we  can  discuss  the  matter  here. 

Mr.  Groce.  I  will  move,  Mr.  President,  that  the  matter  be 
referred  to  a  committee  of  three  for  its  consideration,  the  com- 
mittee to  report  at  the  next  meeting. 

The  motion  was  adopted  and  the  President  announced  he 
would  take  time  to  appoint  the  committee. 

Adjourned. 

Annual  Meeting. 

Hotel  Brunswick, 
Boston,  January  13,  1904. 
President  Charles  K.  Walker  in  the  chair. 
The  following  members  and  guests  were  present: 

Members. 
S.  A.  Agnew,  C.  F.  Allen,  C.  H.  Baldwin,  L.  M.  Bancroft,  J.  E.  Beals,  F.  D. 
Berry,  J.  M.  Birmingham,  J.  W.  Blackmer,  George  Bowers,  Dexter  Brackett, 

E.  C.  Brooks,  G.  A.  P.  Bucknam,  George  Cassell,  G.  F.  Chace,  J.  C.  Chase, 
S.  K.  Clapp,  F.  C.  Coffin,  R.  C.  P.  Coggeshall,   M.  F.  Collins,  W.  R.  Conard, 

F.  W.  Dean,  H.  P.  Eddy,  J.  N.  Ferguson,  J.  H.  Flynn,  F.  F.  Forbes,  F.  L.  Fuller, 
Albert  S.  Glover,  W.  J.  Goldthwait,  F.  E.-Hall,  J.  O.  Hall,  J.  C.  Hammond, 
Jr.,  J.  D.  Hardy,  G.  H.  Hart,  L.  M.  Hastings,  T.  G.  Hazard,  Jr.,  D.  A.  Heffer- 
nan,  H.  G.  Holden,  E.  W.  Kent,  Willard  Kent,  E.  S.  Larned,  J.  W.  Locke, 
H.  V.  Macksey,  N.  A.  Mcilillen,  A.  E.  Martin,  W.  E.  Maybury,  F.  E.  Merrill, 
Leonard  Metcalf,  H.  A.  Miller,  F.  L.  Northrop,  W.  W.  Patch,  H.  E.  Royce, 

G.  A.  Sanborn,  C.  M.  Saville,  E.  M.  Shedd',  C.  W.  Sherman,  J.  Waldo  Smith, 
G.  H.  Snell,  Henry  Souther,  G.  A.  Stacy,  J.  T.  Stevens,  L.  A.  Taylor,  R.  J. 
Thomas,  H.  L.  Thomas,  William  H.  Thomas,  J.  L.  Tighe,  D.  N.  Tower, 
"W.  H.  Vaughn,  C.  K.  Walker,  R.  S.  Weston,.  J.  C.  Whitney,  G.  E.  Wilde,  F.  I. 
Winslow,  H.  B.  Wood.  —  73. 

Honorary  Member. 
F.  W.  Shepperd.  —  L 

Associates. 
Builders  Iron  Foundry,  by  F.  N.  Connet;  Coffin  Valve  Co.,  by  H.  L.  Wes- 
ton; Hersey  Mfg.  Co.,  by  Albert  S.  Glover,  J.  A.  Tilden'and  W.  A.  Hersey; 
Henry  F.  Jenks;  Lead  Lined  Iron  Pipe  Co.,  by  Thomas  E.  Dwyer;  Ludlow 
Valve  Mfg.  Co.,  by  H.  F.  Gould;  H.  Mueller  Mfg.  Co.,  by  W.  I-.  Dickel;  Na- 
tional Meter  Co.,  by  C.  H.  Baldwin  and  J.  G.  Lufkin;  Neptune  Meter  Co.,  by 
William  H.  Van  Winklej;  Norwood  Engineering  Co.,  by  H.  W.  Hosford; 
Perrin,  Seamans  &  Co.,  by  James  C.  Campbell;  Rensselaer  Mfg.  Co.,  by  Fred 
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S.  Bates;  Sweet  &  Doyle,  by  H.  L.  DeWolfe;  Thomson. Meter  Co.,  by  S.  D. 
Higley;  Union  Water  Meter  Co.,  by  F.  L.  Northrop,  F.  E.  Hall  and  L.  P. 
Anderson.  —  20. 

Guests. 

A.  E.  Pickup,  Water  Registrar,  and  Hugh  McLean,  Water  Commissioner, 
of  Holyoke,  Mass.;  W.  H.  Patterson,  Superintendent  Water  Works,  Provi- 
dence, R.  I.;  Edwin  P.  Longley,  Marlboro,  Mass.;  F.  L.  Weaver,  Chairman 
Water  Board,  Lowell,  Mass.;  Hon.  Cornelius  F.  Lynch,  Lawrence,  Mass.; 
R.  A.  Thayer,  Woonsocket,  R.  I.;  Horace  Hart,  Boston;  and  John  W.  Ker- 
nan,  Wakefield,  Mass.  —  9. 

(Names  counted  twice.  —  4.) 

The  following  were  elected  to  membership: 

Resident  Members.  —  A.  E.  Pickup,  Water  Registrar,  Holyoke 
Water  Works;  Hugh  McLean,  Secretary  Water  Commissioners, 
Holyoke,  Mass. 

Non-Resident  Member.  —  Edward  S.  Cole,  in  charge  of  Water 
Waste  Investigation  of  New  York  City. 

Associates.  —  Fred  A.  Houdlette,  Boston,  manufacturer  and 
dealer  in  water  works  and  sewage  steel  and  iron  supplies;  Hart 
Packing  Co.,  Boston,  manufacturers  of  steam  and  water  packings. 

The  President  appointed  Messrs.  J.  L.  Tighe,  of  Holyoke,  and 
Harry  L.  Thomas,  of  Hingham,  tellers  to  canvass  the  ballots  for 
officers  for  the  ensuing  year. 

Mayor  Lynch  of  Lawrence  was  then  introduced,  and  he  spoke 
as  follows: 

Mr.  President  and  Gentlemen  of  the  Water  Works  Association,  — 
I  am  rather  surprised  to  be  called  on  for  any  remarks.  Being 
newly  elected  mayor,  I  am  hardly  familiar  with  the  workings  of 
any  of  the  departments  as  yet,  but  it  gives  me  great  pleasure  to 
meet  a  body  of  men  organized  for  the  purposes  for  which  you  are 
associated.  I  think  it  is  a  benefit  to  the  municipalities,  as  well 
as  to  the  superintendents  and  the  water  boards  of  the  different 
cities  and  towns,  that  you  should  have  such  an  organization  and 
should  hold  these  meetings  where  you  can  interchange  ideas  in 
the  line  of  your  work.  I  think  it  makes  men  broader,  and  the 
broader  they  are  in  their  ideas,  the  better  ideas  they  get  through 
association  with  others,  the  better  it  is  for  the  cities  that  they 
represent. 

I  came  here  as  the  guest  of  the  superintendent  of  our  water 
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MEMBERS. 


Total  active  membership,  January  1,  1903,  was 522 

Withdrawals   during   past   year: 

Resignations       22 

•    Dropped 26 

Died 3           51 

471 

Initiations  during  past  year: 

January 7 

February 5 

March 5 

June 7 

September      24 

November 3 

December 5           56 

Reinstated 1         528 


HONORARY    MEMBERS. 

Number  of  honorary  members,  January  1,  1903,  was     .    .  5 

Died  during  year 2  3 

ASSOCIATES. 

Total  associate  membership,  January  1,  1903,  was  ....  60 

Withdrawals: 

Resignations      5 

Dropped 3  8 

52 
Initiations  during  past  year: 

September      3  3  55 

Total  membership,  January  1,  1904,  is 586 


Summary  of  Receipts  and  Disbursements  of  the  New  England  Water 
Works  Association  for  the  Year  1903. 

receipts. 

Dues $2  .540.50 

Advertisements 1   539.75 

Initiations .340.00 

Journals  sold 219.08 

Subscriptions 157.25 

Sales  of  Pipe  Specifications 116.90 

Sundries 29.42 


$4  942.90 
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DISBURSEMENTS. 

Journal  (including  membership  list) $1   526.66 

Stationery 425.61 

Rent 400.00 

Assistant  Secretary 390.00 

Editor ^ 300.00 

Advertising  Agent 280.10 

Incidental  Expenses 240.38 

Secretary      200.00 

Reprints 167.75 

Pipe  Specifications      139.40 

September  Excursion 112.59 

Stenographer   107.25 

Badges      62.11 

Stereopticon 58.00 

Music 50.00 

Exhibit 34.60 

June  Excursion 10.63 

Total $4  505.08 

Amount  of  Receipts  above  Expenditures $437.82 

At  the  present  time  there  is  due  the  Association: 

For  dues $240 .  75 

For  advertisements • 171.25 

For  sundries 4 .  80 

Total ; $416.80 

The  bill  for  the  printing  of  the  December  issue  of  the  Journal 
is  not  yet  received. 

I  know  of  no  other  outstanding  bills  against  the  Association. 
Respectfully  submitted, 

WILLARD  KENT,  Secretary. 


REPORT  OF  THE  TREASURER. 

The  Treasurer,  Lewis  M.  Bancroft,  submitted  the  following 
report,  which,  on  motion  of  Mr.  Frank  L.  Fuller,  was  accepted 
and  placed  on  file : 
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Lewis  M.  Bancroft, 
In  account  with  The  New  England 


RECEIPTS. 


1903. 

January 

9. 

August 

1. 

December 

6. 

March 

4. 

April 

15. 

June  18. 

July  14. 

September  28. 

December 

4. 

1903. 

January 

4. 

Balance  on  hand 

Dividend,  People's  Savings  Bank 
Dividend,  Mechanics  Savings  Bank 
Received  of  Willard  Kent,    Sec'y 


$2  541.73 
53.80 
35.70 


$1  817.23 
616.79 
624.48 
111.50 
376.90 
798.90 

597 . 10     4  942.90 
$7  574.13 


Examined  and  found  correct. 


E.  J.  Chadbourne, 

Finance  Committee. 
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Treasurer, 

Water  Works  Association. 

EXPEXniTURE.S. 

Bills  paid,  as  per  itemized  statement  following $4  505. OS 

BALANCE   ON    HAND. 

Deposit    People's    Savings     Bank, 

Worcester $1  398.98 

Deposit  Mechanics  Savings   Bank, 

Reading 1  047.12 

Deposit  First  National  Bank,  Read- 


ing 


622 . 95 


Balance  on  hand 3  069 .  05 

$7  574.13 


LEWIS   M.    BANCROFT, 

Treasurer. 
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1903. 
February 


DETAILED    STATEMENT  OF    BILLS    PAID. 

Hobbs  &  Warren  Co.,  paper $2.49 

Hub  Engraving  Co.,  plates 6.72 

Thomas     P.     Taylor,     stereopticon,    January 

meeting 10.00 

5.     Samuel  Usher,  printing 49 .  50 

Hub  Engraving  Co.,  plates 29.81 

11.     J.  M.  Ham,  salary  and  expenses  Assistant  Sec- 
retary to  February  1 34.35 

Hooper,  Lewis  &  Co.,  letter  book  and  cards      .  5.50 

March     4.     D.  Gillies' Sons,  envelopes  and  letter  paper     .    .  93.44 

W.  N.  Hughes,  bills  and  envelopes 15.25 

Hub  Engraving  Co.,  plates      17.20 

Edgar  D.  Sewall,  drawings 16.25 

Amarina  &   Peters,  music,  January  and  Feb- 
ruary meetings 20 .  00 

Thomas    P.    Taylor,    stereopticon,    February 

meeting 10.00 

Helen  A.  Thomas,  four  days'  services    ....  6 .  65 

5.  D.  Gillies'  Sons,  printing      5.39 

J.  M.  Ham,  salary  and  expenses  to  March  1  .    .  57.00 

W.  N.  Hughes,  large  envelopes 47.75 

Boston    Society    of    Civil    Engineers,    rent    to 

February  26 100.00 

16.     Hub  Engraving  Co.,  plates 13.65 

Samuel  Usher,  printing     . 197.50 

Amarina  &  Peters,  music,  March  meeting  .    .    .  10.00 

24.     W.  N.  Hughes,  bills 2.80 

Charles  W.   Sherman,   salary   to  April   1    and 

expenses      82.30 

30.     Bacon  &  Burpee,  reporting    January,   Febru- 
ary, and  March  meetings 30 .  00 

April     4.     Robert    J.    Thomas,    advertising     agent      to 

April  1 80.55 

J.  M.  Ham,  .salary  and  expenses  to  April  1  .    .  33.96 

6.  D.  Gillies'  Sons,  blank  book 7 .  85 

Samuel  Usher,  March  Journal 310.95 

Hub  Engraving  Co.,  plates 16.19 

10.     Willard  Kent,  salary  and  expenses  to  March  31,  90.70 

Hooper,  Lewis  &  Co.,  cards,  etc 1 .  50 

22.     Samuel  Usher,  reprints 25 .  75 

Amount  carried  forward $1,431.00 
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Amount  brought  forward       $1  431.00 

Maj'    1.     William  H.  Lawrence,  lantern  slides       ....  5.50 
American  Society  of  Civil  Engineers,  binding 

transactions 6.40 

27.     J.  M.  Ham,  salary  to  May  1 35.00 

Hub  Engraving  Co.,  plates 5.40 

June  13.     Hub  Engraving  Co.,  plates 48.01 

J.  M.  Ham,  salary  for  May 35.00 

19.     D.  Gillies'  Sons,  printing  circulars       4.85 

Library  Bureau,  pamphlet  cases 10.88 

29.     Charles  W.  Sherman,  salary  and  expenses  to 

July  1 81.65 

George  E.  Winslow,  tickets,  etc.,  June  outing     .  5 .  81 

Rand  Avery  Supply  Co.,  tickets 1.50 

Frank  E.  Merrill,  expense  June  outing  ....  3 .  32 

Willard  Kent,  salary  and  expenses  to  July  1   .    .  61.00 

July     6.     Samuel  LTsher,  June  Journal 345 .  35 

9.     Samuel  Usher,  reprints 47 .  50 

15.     Robert  J.  Thomas,  advertising  agent  to  July  1,  72.05 

J.  M.  Ham,  salary  to  July  1 35.00 

27.     Boston    Society    of    Civil    Engineers,    rent    to 

May  31 100.00 

August  26.     Hub  Engraving  Co.,  plates 6.16 

Samuel  Usher,  printing 36 .  50 

Willard     Kent,   expenses  of  committee,  Sep- 
tember convention 75.00 

J.  M.  Ham,  salary  to  Augu.st  1 35.00 

September    5.     J.  M.  Ham,   salary  to  September  1,  express, 

postage,  etc 60 .  42 

22.     Bishop  Engraving  &  Printing  Co.,  printing  .    .  14.25 

Hub  Engraving  Co.,  plates 21.18 

Library  Bureau,  cards  and  tray      3.41 

Whitehead  &  Hoag  Co.,  badges 24.11 

W.  F.  Almy,  badges      38.00 

W.  N.  Hughes,  envelopes  and  printing      ...           .     26.00 
Henry  F.  Jenks,  expenses,   committee  on   ex- 
hibits, Montreal  convention 34.60 

29.     Thomas    P.    Taylor,     stereopticon,     ^Montreal 

convention      38.00 

Charles    W.    Sherman,    salary,    expenses,  and 

postage  to  October  1 84 .  25 

Samuel  TLsher,  reprints 34.00 

The  Somerville  Journal  Co.,  printing 3.50 

Frank  E.    Merrill,    telephone,   telegraph,    and 

express 5.59 

Amount  carried  forward $2  875 .  19 
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September  29. 
October    2. 


8. 
13. 

21. 

29. 

November  13. 
21. 

December    4. 


29. 


1904. 

January     2. 


12. 


Amount  brought  forward $2  875.19 

Car  fare  T.  P.Taylor,  Montreal  and  return   .    .  16.00 

D.  Gillies' Sons,  printing  notices 72.00 

Willard    Kent,  salary   to   October  1   and  ex- 

pen.ses 73.00 

J.  M.  Ham,  salary  to  October  1       35.00 

Robert  J.  Thomas,  advertising  agent,   to  Oc- 
tober 1 64.25 

Hub  Engraving  Co.,  plates 33.51 

Boston    Society    of   Civil    Engineers,    rent    to 

August  31 100.00 

Hub  Engraving  Co.,  plates 14.78 

George  J.  Sinnett,  repairing  furniture    ....  2.50 

Buildings  Cleaning  &  Renovating  Co.,  cleaning  4.55 

J.  M.  Ham,  salary  to  November  1       35.00 

D.  Gillies' Sons,  envelopes  and  printing     ...  35.20 

J.  Dennison,  plates 43.33 

Charles  W.  Sherman,  paid  for  drawings,  duty 

on  cuts,  etc 20.04 

Samuel  Usher,  September  Journal 360.24 

W.  N.  Hughes,  binding  books 5.00 

Hub  Engraving  Co.,  plates 24.83 

Samuel  Usher,  reprints 29 .  75 

J.  M.  Ham,  salary  to  December  1 35.00 

Bacon    &    Burpee,    stenographers,    September 

and  November  meetings 69 .  25 

Hub  Engraving  Co.,  plates 4.24 

Library  Bureau,  card  index  of  Journal      ...  67.11 
Amarina    &    Peters,    music,    November    and 

December  meetings 20.00 

Robert  J.  Thomas,  advertising  agent  to  Janu- 
ary 1,  1904 63.25 

Charles  W.  Sherman,  salary  and  expenses  to 

January  1,  1904 75.75 

J.  M.  Ham,  salary  to  January  1,  1904   ....  35.00 

Bacon  &  Burpee,  report  of  December  meeting,  8 .  00 

Samuel  Usher,  printing 5 .  50 

Willard  Kent,   salary  and  expenses  to  Janu- 
ary 1,  1904      91.00 

D.  Gillies'  Sons 40.70 

Boston    Society    of   Civil    Engineers,    rent    to 

December  1,  1903      100.00 

J.  M.  Ham,  expenses  to  January  1,  1904  ...  46.11 

•  Total  bills  paid $4  505.08 
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REPORT    OF    THE    EDITOR. 

Mr.  Charles  W.  Sherman,  the  editor,  suDmitted  the  following 
report,  which,  on  motion  of  Mr.  Stacy,  was  accepted  and  placed 
on  file: 

Boston,  January  13,  1904. 

To  the  New  England  Water  Works  Association,  —  The  following 
is  my  report  as  Editor  of  the  Journal  for  the  year  1903 : 

The  December  issue  of  the  Journal,  which  has  just  appeared  after  many 
delays,  contains  twenty-five  and  one-quarter  pages  of  paid  advertisements,  of 
an  annual  value  of  $1  750.  A  year  ago  we  had  twenty-seven  and  one-third 
pages  of  paid  advertisements  of  a  vakie  of  $1  929.  This  shows  a  loss  of  $179 
worth  of  advertisements  during  the  year.  Our  advertising  agent  has  been 
assiduous  as  ever  in  his  attempts  to  secure  and  retain  advertising,  and  the 
only  conclusion  to  be  drawn  from  the  falling  off  of  patronage  is  that  the  mem- 
bers do  not  pay  sufficient  attention  to  the  advertising  to  make  the  adver- 
tising pages  of  sufficient  value  to  those  advertisers  who  have  withdrawn. 

As  was  the  case  a  year  ago,  the  December  issue  has  been  delayed  to  such  a 
time  that  it  has  not  been  possible  to  send  out  bills  for  the  advertising  in  that 
issue  and  get  any  returns  from  them.  The  receipts  for  1904  will  consequently 
show  a  considerable  sum  which  properly  belongs  to  the  Journal  for  1903. 

The  accompanying  tables  show  In  detail  the  amount  of  material  in  the 
Journal,  the  receipts  and  expenditures,  and  a  comparison  with  the  three 
preceding  volumes. 

TABLE    No.    1. 

Statement  of  Material  in  Volume  XVII,  Journal  of  the  New 
England  Water  Works  Association,  1903. 


NuMBKR  OF  Pages  of 

Date  of  Issue. 
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96 
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2 
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104 
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31 
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155 

11 

3 
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63 

7 

70 

— 

27 

4 

14 

115 

4 

4 

December 

113 

13 

126 

10 

27 

4 
16 

16 

183 

8 

Total 

376 

54 

430 

10 

119 

44 

619 

42 

88 


PROCEEDINGS. 


TABLE    No.    2. 


Receipts  and  Expenditures  on  Account  of  Volume  XVII,  Journal 
OF  the  New  England  Water  Works  Association,  1903. 


Receipts. 


Expenditures. 


From  advertisements  . 
From  sale  of  Journals 
From  sale  of  reprints  . 
From  subscriptions    .    . 


Net  cost  of  Journal 


$1  539.75 

219.08 

19.35 

157.25 


$1  935.43 


770.62 


For  printing  Journal     .   $1  433.09* 

For  preparing  illustra- 
tions       314.76 

For  Editor's  salary    .    .    .  300.00 

For  Editor's  incidentals   .  30.49 

For    Advertising    Agent's 

commissions    ....  280.10 

For  reporting      107.25 

For  reprints  and  advance 

copies 167.75 

For  statistics  forms    ...  5 .  50 

For  index  to  Journal  .    .  67.11 


$2  706.05 


Gross  cost  of  Journal  .     $2  706 .  05* 


*  This  includes  bill  for  December  Journal,  which  has  just  been  received  but  not  paid, 
and  consequently  does  not  appear  in  the  Secretary's  and  Treasurer's  reports. 


TABLE    No.    3. 

Comparison  between  Volumes  XIV,  XV  (4  Numbers),  XVI,  and  XVII, 
Journal  of  the  New  England  Water  Works  Association. 


Edition  (copies) 

Average  membership 

Pages  of  text 

Pages  of  text  per  1  000  members 

Total  pages,  all  kinds 

Total  pages  per  1  000  members 

Gross  Cost: 

Total 

Per  page; 

Per  member 

Per  member  per  1   000  pages   . 
Per  member  per  1  000  pp.  text 

Net  Cost: 

Total 

Per  page      

Per  member 

Per  member  per  1   000  pages  . 
Per  member  per  1  000  pp.  text 


4  numbers 

Vol.  xiv. 

of 
Vol.  XV. 

Vol.  xvi. 

Vol.  xvii. 

1  100 

1   200 

1   200 

1    200 

583 

586 

571 

587 

345 

363 

403 

430 

600 

618 

707 

733 

485 

536 

584 

619 

832 

913 

1  020 

1  051 

$1  954.15 

$2  194.26 

$2  439.99 

$2  706.05 

4.03 

4.10 

4.18 

4.38 

3.35 

3.75 

4.27 

4.61 

6.91 

6.99 

7.32 

7.46 

9.71 

10.31 

10.60 

10.72 

$347.55 

$332.90 

$622.89 

$770.62 

.72 

.62 

1.07 

1.25 

.60 

.57 

1.09 

1.31 

1.23 

1.06 

1.87 

2.12 

1.73 

1.57 

2.71 

3.05 

REPORT   OF   THE    EDITOR.  ©y 

Without  crediting  the  Journal  with  any  part  of  the  dues  paid  by  mem- 
bers, it  will  be  observed  that  the  expenses  incurred  on  account  of  the  Journal 
amount  to  $770.62  more  than  the  receipts.  This  is  a  larger  net  cost  than 
we  have  had  for  some  years,  if  ever  before.  It  is  largely  accounted  for,  how- 
ever, by  the  extra  work  undertaken;  first  in  preparing  a  complete  card  index 
to  the  Journal  from  the  beginning,  which  has  now  been  completed  and  in- 
stalled at  headquarters,  and,  second,  in  working  up  tables  and  making  cuts 
to  accompany  the  "  Standard  Specifications  for  Cast  Iron  Pipes  and  Special 
Castings." 

Three  thou.sand  copies  of  the  Standard  Specifications  have  been  printed 
in  a  separate  pamphlet,  most  of  which  have  been  sold.  The  cost  of  printing 
and  sending  out  specifications  has  been  $139.40,  and  the  receipts  from  sales 
$116.90,  leaving  a  net  cost  to  the  Association  of  $22.50.  This,  however, 
does  not  include  any  of  the  expenses  of  preparing  tables,  illustrations,  etc., 
aU  of  which  have  been  charged  to  the  Journal. 

The  usual  fifty  reprints  of  papers  have  been  furnished  to  their  authors 
without  charge.  The  net  cost  to  the  Association  of  these  reprints,  includ- 
ing also  advance  copies  of  one  or  two  papers,  has  been  $5.94  for  each  paper 
reprinted. 

The  total  cost  of  illustrations  for  this  volume,  including  payments  for 
drafting,  making  cuts,  and  printing  inset  plates,  has  been  $508.01,  or  18.75 
per  cent,  of  the  gross  cost  of  the  Journal. 

The  present  circulation  of  the  Journal  is: 

Members  (all  grades) 586 

Subscribers 52 

Exchanges      IS 

The  custom  of  sending  out  three  hundred  sample  copies  of  each  issue  has 
been  continued  through  the  year. 

The  December  issue  having  appeared  so  recently,  the  reprints  from  it  have 
not  yet  been  delivered  and  consequently  the  billjor  these  reprints  has  not  been 
received.  With  this  exception,  I  know  of  no  outstanding  bills  against  the 
Association  on  account  of  the  Journal. 

Respectfully  submitted , 

CHARLES  W.  SHERMAN,  Editor. 

Mr.  George  A.  Stacy  read  a  paper  by  W.  C.  Hawley,  General 
Superintendent  Pennsylvania  Water  Co.,  Wilkinsburg,  Pa.,  en- 
titled, "  Some  Notes  on  Cost  of  Waterproofing  Concrete  Lining 
of  Reservoirs."  The  subject  was  discussed  by  J.  Waldo  Smith, 
Frank  L.  Fuller,  Edward  S.  Larned,  and  Robert  J.  Thomas. 
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ELECTION    OF    OFFICERS. 

The  tellers  appointed  to   canvass  ballots  for  officers  for  the 
ensuing  year  reported  as  follows: 

Total  number  of  ballots 219 

For  Presiderd. 

Edwin  C.  Brooks,  Cambridge,  Mass 208 

C.  K.  Walker 3 

For  Vice-Presidents. 

V.  C.  Hastings,  Concord,  N.  H 207 

George  P.  Wescott,  Portland,  Me 207 

Joseph  E.  Beals,  Middleboro.  Mass 208 

E.  W.  Kent,  Woonsocket,  R.  1 208 

George  E.  Crowell,  Brattleboro,  Vt 207 

J.  C.  Hammond,  Jr.,  Rockville,  Conn 208 

For  Secretary. 

WiLLARD  Kent,  Narragansett  Pier,  R.  1 211 

For  Treasurer 

Lewis  M.  Bancroft,  Reading,  Mass 209 

For  Editor. 

Charles  W.  Sherman,  Boston,  Mass 208 

Allen  Hazen 1 

For  Advertising  Agent. 

Robert  J.  Thomas,  Lowell,  Mass 209 

Fred  Bates* 1 

For  Additional  Members  of  Executive  Committee. 

'    Frank  E.  Merrill,  Somerville,  Mass 207 

George  A.  Stacy,  Marlboro,  Mass 207 

H.  G.  Holden,  Nashua,  N.  H 207 

For  Finance  Committee. 

E.  J.  Chadbourne,  Wakefield,  Mass 207 

R.  C.  P.  Coggeshall,  New  Bedford,  Mass 210 

W.  W.  Robertson,  Fall  River.  Mass 207 

D.  W.  French      1 

•  *  Ineligible. 
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President  Walker  in  calling  the  newly  elected  President  to  the 
chair  spoke  as  follows:  I  now  present  to  you  your  new  President, 
Mr.  Brooks,  of  Cambridge.  He  holds  the  place  once  filled  by 
Hiram  Nevons,  who  was  our  fourth  President,  I  think,  and  the 
Association  then  had  two  hundred  and  seventy-three  members. 
We  all  used  to  like  him  very  much,  and  1  hope  we  will  like  his 
successor  as  well.  Mr.  Brooks  is  probably  the  best  mechanical 
engineer  who  has  ever  been  President  of  this  Association.  I  hope 
he  will  have  as  nice  a  time  being  President  as  I  have  had,  and  I 
will  now  step  down  and  out.     [Applause.] 

]\Ir.  I^rooks  then  took  the  chair  and  said:  Gentlemen,  I  sin- 
cerely thank  you  for  the  honor  you  have  conferred  upon  me,  and 
hope  that  at  the  end  of  the  year  you  will  not  have  had  cause  to 
regret  it. 

William  Lyman  Underwood,  Lecturer,  Massachusetts  Institute 
of  Technology,  Boston,  then  spoke  on  "  Mosquitoes,  with  Sug- 
gestions for  their  Extermination."  His  remarks  were  illustrated 
by  the  stereopticon  with  photographs  taken  from  life.  Ques- 
tions were  asked  and  remarks  made  by  Freeman  C.  Coffin,  Frank 
L.  Fuller,  Robert  J.  Thomas,  Harrison  P.  Eddy,  S.  A.  Agnew, 
and  F.  W.  Dean.  On  motion  of  Charles  W.  Sherman,  a  vote  of 
thanks  was  tendered  to  Mr.  Underwood  for  his  very  interesting 
address. 

Freeman  C.  CofFm,  Civil  and  Hydraulic  Engineer,  Boston,  Mass., 
read  a  paper  on  "  Meter  Rates,"  and  at  its  conclusion  moved  the 
adoption  of  the  following  vote: 

That  a  committee  of  this  Association  be  appointed  to  consider 
the  question  of  meter  rates  for  water  service,  collect  and  digest 
information,  and  submit  to  the  Association  a  schedule  of  sched- 
ules designed  to  meet  various  conditions  of  a  metered  service,  or 
a  basis  upon  which  such  schedules  can  be  arranged ;  that  this  com- 
mittee consist  of  five  members;  that  the  committee  be  author- 
ized to  expend  a  sum  not.  exceeding  fifty  dollars  in  printing, 
postage,  and  other  necessary  expenses  involved  in  the  collection 
of  data. 

Messrs.  Frank  L.  Fuller,  F.  E.  Merrill,  and  Charles  W.  Sherman 
spoke  in  favor  of  the  motion,  and  it  was  adopted.  The  Chair 
announced  that  he  would  appoint  the  committee  later.      Subse- 
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quently  Messrs.  Freeman  C.  Coffin,  C.  M.  Saville,  G.  P.  Wescott, 
H.  V.  Macksey,  and  F.  E.  Merrill  were  appointed  members  of  the 
committee . 

President  Brooks.  I  want  to  say  a  word  in  regard  to  the 
coming  year.  I  wish  we  might  have  more  little  practical  points 
in  water-works  management  Ijroiight  up  and  discussed  at  the 
meetings.  It  seems  to  me  that  I  hardly  ever  meet  a  superin- 
tendent and  talk  with  him  but  what  I  find  he  has  some  little 
kink  that  is  of  use.  Perhaps  he  does,  not  think  it  of  importance 
enough  to  communicate  to  others,  but  really  it  amounts  to  quite 
a  little  oftentimes ;  and  I  think  we  all  might  gain  something  from 
a  freer  interchange  of  ideas  here. 

Mr.  F.  W.  Dean.  I  should  like  to  ask  how  the  subjects  for 
the  papers  are  determined  in  this  Association,  —  whether  they 
are  originated  by  the  Secretary,  or  whether  he  gets  suggestions 
from  other  people  to  any  great  extent. 

The  President.     Mr.  Secretary,  you  will  please  answer. 

Secretary  Kent.  The  Secretary  is  always  very  glad  to  get 
suggestions  from  other  people,  but  as  matter  of  fact  it  is  usually 
a  case  of  hustle  with  him. 

Mr.  Dean.  When  the  President  spoke  of  the  matter  of  relat- 
ing experiences  it  occurred  to  me  that  perhaps  it  might  be  inter- 
esting to  state  how  the  New  England  Railroad  Club  proceeds 
to  have  papers  brought  forward  for  discussion.  I  am  a  member 
of  that  club  and  have  been  a  member  of  the  committee  of  which 
I  shall  speak.  The  club  has  monthly  meetings  for  eight  months 
in  the  year,  the  second  Tuesday  of  each  month,  and  there  is  a 
sub-committee  of  eight  or  ten  members,  which  committee  gets 
togQ,ther  as  many  times  as  may  be  necessary  during  the  summer 
and  selects  a  hst  of  subjects  for  the  following  year.  After  that 
is  once  done  the  series  of  meetings  goes  along  very  easily.  Of 
course  there  is  considerable  correspondence  in  regard  to  it,  and 
the  committee  often  gets  people  from  out  of  town,  as  well  as 
members  of  the  club,  to  present  papers  on  various  subjects.  Then 
theoretically  we  have  9-  hst  of  subjects  for  discussion  aside  from 
the  papers,  the  idea  being  to  have  subjects  for  short  discussions, 
so  as  to  fill  in  any  gaps  if  the  regular  papers  are  not  long  enough 
to  take  up  the  usual  time  of  the  meeting.     Almost  always,  how- 
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ever,  the  papers  are  long  enough,  and  so  these  short  discussions 
seldom  take  place.  It  occurred  to  me  if  the  Secretary  is  at  all 
embarrassed  in  getting  papers,  it  might  be  well  for  the  Associa- 
tion to  have  a  sub-committee  for  that  purpose. 

The  Secretary.  I  think  that  is  a  very  good  suggestion,  Mr. 
President. 

Mr.  Charles  W.  Sherman.  I  move  that  the  President  be 
authorized  to  appoint  such  a  committee  at  his  discretion.  Adopted. 

Adjourned. 
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February  Meeting. 

Hotel  Brunswick, 
Boston,  Mass.,  February  10,  1904. 
President  Edwin  C.  Brooks  in  the  chair. 
The  following  members  and  guests  were  present: 

Members. 

S.  A.  Agnew,  C.  H.  Baldwin,  L.  M.  Bancroft,  William  T.  Barnes,  J.  E. 
Beals,  George  Bowers,  E.  C.  Brooks,  Fred.  Brooks,  George  Cassell,  G.  F. 
Chace,  J.  C.  Chase,  F.  C.  Coffin,  R.  C.  P.  Coggeshall,  M.  F.  Collins,  F.  H.  Cran- 
dall,  Gorham  Dana,  C.  H.  Eglee,  F.  F.  Forbes,  A.  D.  Fuller,  F.  L.  Fuller,  A. 
S.  Glover,  J.  W.  Goodell,  X.  H.  Goodnough,  F.  W.  Gow,  R.  A.  Hale,  J.  O. 
Hall,  V.  C.  Hastings,  H.  G.  Holden,  H.  R.  Johnson,  E.  W.  Kent,  Willard 
Kent,  G.  A.  King,  E.  S.  Larned,  J.  W.  Locke,  T.  H.  McKenzie,  S.  H.  Mc- 
Kenzie,  H.  V.  Macksey,  W.  E.  Maybury,  F.  E.  Merrill,  T.  L.  Northrop,  J.  H. 
Perkins,  W.  W.  Robertson,  C.  W.  Sherman,  G.  H.  Snell,  G.  A.  Stacy,  J.  T. 
Stevens,  R.  J.  Thomas,  J.  L.  Tighe,  W.  H.  Vaughn,  C.  K.  Walker,  F.  f.  Wins- 
low,  G.  E.  Winslow.  —  52. 

Associates. 

Ashton  Valve  Co.,  by  C.  W.  Houghton;  Harold  L.  Bond  &  Co.,  by  Harold 
L.  Bond;  Builders  Iron  Foundry,  by  F.  N.  Connet;  Chapman  Valve  Mfg. 
Co.,  by  Edward  F.  Hughes;  Coffin  Valve  Co.,  by  H.  L.  Weston;  Garlock 
Packing  Co.,  by  Edward  N.  Corning;  Hersey  Mfg.  Co.,  by  Albert  S.  Glover, 
J.  A.  Tilden,  and  Walter  A.  Hersey;  Fred  A.  Houdlette  &  Son,  by  Fred  A. 
Houdlette;  Lead  Lined  Iron  Pipe  Co.,  by  T.  E.  Dwyer;  H.  Mueller  Mfg.  Co., 
by  W.  L.  Dickel;  National  Lead  Co.,  by  G.  L.  Whittemore;  National  Meter 
Co.,  by  C.  H.  Baldwin  and  J.  G.  Lufkin;  Neptune  Meter  Co.,  by  W.  H.  Van 
Winkle  and  H.  H.  Kinsey;  Ren.sselaer  Mfg.  Co.,  by  Fred  S.  Bates;  A.  W. 
Chesterton  &  Co.,  by  William  M.  Rea;  Central  Foundry  Co.,  by  Mark  Dean; 
Sumner  &  Goodwin  Co.,  by  H.  A.  Gorham;  Sweet  &  Doyle,  by  H.  L.  De- 
Wolfe;  Thomson  Meter  Co.,  by  S.  D.  Higley;  Union  Water  Meter  Co.,  by 
F.  L.  Northrop.  —  24. 

Guests. 

John  Mayo,  Superintendent  Water  Works,  Bridgewater,  Mass.;  Frank 
L.  Weaver,  A.  J.  Dowd,  Water  Commissioners,  Lowell,  Mass.;  T.  V.  Sullivan, 
Water  Department,  Boston;  J.  H.  Caldwell,  Deputy  Water  Commissioner, 
Boston;  and  H.  J.  Jernegan,  General  Freight  Agent,  B.  &  P.  S.  S.  Co.  —  6. 

Names  counted  twice.  —  3. 

The  Secretary  presented  the  names  of  the  following  applicants 
for  membership,  all  of  whom  were  properly  endorsed  and  ap- 
proved by  the  Executive  Committee : 
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For  Resident  Member. — Virgil  R.  Connor,  Fairfield,  Me., 
Trustee  Kennebec  Water  District;  8.  A.  Nye,  Fairfield,  Me., 
Trustee  Kennebec  Water  District;  Ira  E.  Getchell,  Waterville, 
Me.,  Trustee  Kennebec  Water  District;  Dr.  F.  C.  Thayer,  Water- 
vilfe,  Me.,  Trustee  Kennebec  Water  District;  John  Mayo,  Super- 
intendent Bridgewater  Water  Co.,  Bridgewater,  Mass.;  Frank  H. 
Carter,  Cliftondale,  Mass.,  Civil  Engineer,  Assistant  Engineer  with 
Leonard  Metcalf,  of  Boston;  Louis  D.  Thorpe,  West  Medford, 
Mass.,  Civil  Engineer,  Principal  Assistant  to  Freeman  C.  Coffin. 

For  N on-Resident  Member.  —  Wm.  M.  Marple,  Scranton,  Pa., 
Chief  Engineer  of  the  Scranton  Gas  and  Water  Co..  and  other 
companies. 

For  Associate. — The  Wm.  Tod  Co..  Youngstown,  Ohio, 
builders  of  high  duty  pumping  engines. 

On  motion  of  Mr.  Fuller  the  Secretary  was  empowered  to  cast 
one  vote  for  the  applicants  whose  names  had  been  read,  and  he 
having  done  so  they  were  declared  elected. 

Place  of  Annual  Convention. 

The  President.  I  wish  to  announce  that  the  invitation  from 
Holyoke  has  been  accepted,  and  the  fall  convention  will  be  held 
there  some  time  in  September. 

Proposed  Legislation  affecting  Purity  of 
Water  Supplies. 

I  should  like  to  say  to  the  members  from  Massachusetts  that 
there  is  a  bill  before  the  Legislature,  Senate  No.  87,  that  very 
seriously  modifies  and  affects  the  rights  of  water-takers  in  the 
great  ponds  and  streams  of  the  state.  In  order  that  you  may 
know  more  fully  what  some  of  the  features  of  this  bill  are,  I  will 
ask  Mr.  Goodnough  to  speak  to  you. 

Mr.  X.  H.  Goodnough.  Mr.  President  and  Gentlemen,  —  This 
is  Senate  Bill  No.  87  accompanying  a  petition  for  an  amendment 
to  the  law  relative  to  the  pollution  of  water  supplies  of  cities  and 
towns,  and  it  is  now  before  the  Public  Health  and  Water  Supply 
committees  jointly.  I  will  not  read  it  all,  but  it  is  a  modification 
of  the  present  legislation  authorizing  the  State  Board  of  Health 
to  make  rules  and  regulations  for  the  protection  of  water  supplies. 
The  bill  is  the  most  pernicious  piece  of  proposed  legislation  affect- 
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ing  the  purity  of  water  supplies  that  has  appeared  for  some  time. 
Its  chief  objectionable  features  are,  first,  that  it  provides  that 
any  one  aggrieved  by  the  enforcement  of  the  rules  and  regula- 
tions of  the  Board  of  Health  may  recover  damages;  in  other 
words,  it  authorizes  people  living  about  great  ponds  to  recover 
damages  for  the  exercise  of  police  power  —  a  new  thing  in  law, 
I  believe.  The  other  chief  objectionable  feature  is  found  in  Sec- 
tion 2:  "  The  State  Board  of  Health  shall  not  make  rules  or 
regulations  or  orders  prohibiting  or  restricting  boating,  fishing, 
or  ice  cutting  on  any  great  pond."  The  effect  of  that,  of  course, 
would  be  that  the  surfaces  of  great  ponds  may  be  used  as  pleasure 
resorts  without  any  restriction  whatever.  People  might  launch 
boats,  and  as  has  happened  in  one  case,  might  launch  house  boats 
on  a  pond  and  anchor  them  over  an  intake,  if  they  saw  fit,  and 
no  authority  could  remove  them.  The  water  supplies  of  this 
state  are  used  by  something  like  92  per  cent,  of  the  population, 
five  sixths  of  whom  are  dependent  upon  supplies  taken  from 
surface  sources,  very  largely  from  great  ponds,  and  it  is  essential 
that  the  purity  of  those  waters  should  be  protected. 

In  recent  years  there  has  been  a  very  rapid  growth  in  the  use 
of  ponds  and  reservoirs,  especially  great  ponds,  as  summer  re- 
sorts, and  there  has  been  a  very  rapid  growth  in  the  number  of 
cottages  about  those  ponds  and  in  picnic  and  other  pleasure  re- 
sorts on  their  shores,  which  the  rules  of  the  Board  of  Health  have 
been  invoked  to  prevent.  This  proposed  legislation  is  really  for 
the  benefit  of  the  very  few  to  the  injury  of  the  very  great  major- 
ity. The  legislation  to  protect  our  water  supplies  has  grown  up, 
I  may  say,  since  1878,  when  the  first  act  was  passed  to  prohibit 
their  pollution.  That  is  the  act  \Yhich  is  sometimes  known  as 
the  twenty-mile  law,  and  it  provided  that  no  sewage  shoidd  be 
discharged  into  a  stream  or  pond  within  twenty  miles  of  the  point 
from  which  water  is  taken  for  a  pubhc  supply.  In  1890  the  first 
act  giving  the  State  Board  of  Health  authority  to  make  rules  and 
regulations  was  passed.  That  was  revised  and  the  powers  of 
the  Board  greatly  enlarged  by  the  act  of  1897,  which  was  changed 
somewhat  when  the  Revised  Laws  were  established  in  1902. 

One  object  of  this  proposed  law  is  to  provide,  or  is  said  to  be 
to  provide,  for  an 'appeal  to  a  jury  for  the  revision  of  the  rules  of 
the  Board.     Of  course  we  all  know  the  danger  of  submitting 
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such  matters  to  a  jury,  especially  the  protection  of  public  water 
supplies.  It  is  argued  that  in  some  cases  the  waters  could  be 
protected  by  filtration.  That  is  a  very  good  method  of  protect- 
ing a  pubHc  water  supply,  but  it  is  needless  to  say  that  filtration 
is  not  the  only  protection,  and  no  one  wants  to  drink  water  that 
has  been  polluted  by  sewage,  even  if  it  has  subsequently  been 
purified  by  filtration.  It  is  essential  to  keep  the  sources  pure 
in  the  beginning.  It  is  hoped  that  those  who  are  interested  in 
this  legislation,  and  nearly  all  the  water-works  men  in  the  state 
should  be,  will  take  an  active  interest  at  least  so  far  as  to  appear 
at  the  hearing  when  the  matter  comes  up.  The  date  of  the  hear- 
ing has  not  yet- been  assigned. 

The  President.  I  will  ask  Mr.  King,  of  Taunton,  to  favor  us 
with  a  few  remarks. 

Mr.  George  A.  King.  Mr.  President  and  Gentlemen,  —  I 
suppose  this  bill  was  aimed  directly  at  Taunton,  but  it  will  affect 
every  city  or  town  which  has  had  rules  made  for  it  by  the  State 
Board  of  Health,  or  any  which  may  have  them  made  in  the  future. 
It  opens  a  great  source  of  damage  cases,  and  any  party  who  lives 
on  the  watershed  of  a  water  supply  will  have  an  opportunity  to 
bring  a  suit  for  damages,  and  the  same  body  which  has  the  power, 
to  amend  or  annul  the  rules,  that  is,  the  jury,  will  have  the  power 
to  assess  the  damages;  and  as  these  damages  will  be  assessed  in 
the  county  where  the  land  lies  it  will  probably  be  hard  to  get  a 
fair  jury  as  between  the  individual  and  the  municipality  or  the 
owner  of  the  water  supply.  I  think,  as  Mr.  Goodnough  has  said, 
that  this  would  be  a  most  pernicious  piece  of  legislation,  and  I 
would  Hke  to  have  the  assistance  of  all  the  water-works  people 
in  the  attempt  to  defeat  the  bill.  If  you  will  see  the  members 
of  the  House  and  Senate  from  your  various  sections,  I  think  we 
can  easily  defeat  it.  Of  course  the  cottagers  have  considerable 
money  to  spend  on  this  matter  and  the  cities  and  towns  haven't 
much,  so  we  must  depend  on  our  individual  efforts. 

The  President.     Mr.  Chace,  will  you  say  something? 

Mr.  George  F.  Chace.  Mr.  President,  I  think  this  is  a  very 
important  matter,  it  seems  to  me  it  would  be  a  good  thing  if 
there  were  some  organized  action  on  the  part  of  this  Association 
by  the  appointment  of  a  committee  to  make  an  active  opposition 
to  the  bill,  and  I  would  move  that  a  committee  be  appointed  by 
the  Chair  to  attend  the  hearing. 
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The  President.  I  must  say  that  I  have  had  some  doubts 
as  to  whether  it  was  oest  for  the  Association  to  take  action  in 
this  matter  as  an  Association,  and  my  idea  in  bringing  up  this 
discussion  was  that  the  Massachusetts  superintendents  might  be 
informed  as  to  what  was  pending,  so  that  they  could  use  their 
individual  efforts  with  the  members  of  the  Legislature  from  their 
respective  districts  to  defeat  the  proposed  bill.  Of  course  this  is 
a  New  England  organization  and  not  merely  a  Massachusetts 
organization,  and  it  is  a  question  in  my  mind  whether  it  would 
be  policy  for  us  to  take  action  as  an  association  in  regard  to  this 
matter.  I  shall  be  happy  to  hear  from  any  of  the  members  on 
the  subject,  for  I  think  it  is  one  which  is  worthy  of  discussion. 

Mr.  R.  C.  p.  Coggeshall.  Perhaps  some  such  action  as 
advising  the  Massachusetts  members  when  the  hearing  on  this 
bill  is  to  be  held,  might  help  to  defeat  the  measure. 

The  President.  Can  we  hear  from  Ex-Mayor  Hall  on  this 
matter? 

Mr.  John  0.  Hall.  I  do  not  know  as  I  can  add  anything  to 
what  has  been  said,  Mr.  President,  but  I  think  it  certainly  is  the 
duty  of  the  Massachusetts  members  of  the  New  England  Water 
Works  Association  to  interest  themselves  and  be  active  in  their 
opposition  to  this  measure'.  It  certainly  is  of  vital  importance 
that  it  should  be  defeated,  and  we  should  all  use  our  best  efforts 
to  sustain  the  State  Board  of  Health  in  their  very  successful 
measures  to  ensure  the  purity  of  the  water  supplied  to  our  people. 
And  while  it  seems  to  me  no  action  could  properly  be  taken  before 
the  Legislature  by  us  as  an  organization,  I  trust  that  every  indi- 
vidual member  of  the  Association  who  lives  in  Massachusetts  will 
give  it  his  personal  attention. 

Mr.  M.  F.  Collins.  It  strikes  me,  Mr.  President,  that  one  of 
the  duties  of  this  organization,  when  a  question  of  this  kind  comes 
up,  is  to  act  upon  it  as  a  body.  If  this  proposed  legislation  is 
against  the  best  interests  of  the  water-takers  of  New  England, 
then  I  think  this  Association  ought  to  be  used  for  the  purpose  of 
defeating  it.  I  think  it  comes  with  good  grace  for  this  Associ- 
ation to  take  action  as  a  body  on  such  a  question  as  this.  It 
stands  well  in  Massachusetts,  and  its  opinion  will  have  some 
weight.  Then,  after  we  have  acted  here,  let  every  member  of 
the  Association  work  on  the  Representatives  from  his  district 
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indivicUially,  backed  up  by  the  voice  of  this  Association,  which 
is  organized  for  the  very  purpose  of  looking  after  the  interests  of 
the  water-takers  of  New  England.  In  order  to  bring  the  matter 
properly  before  the  Association,  I  move  that  a  committee  be  ap- 
pointed to  appear  before  the  Legislative  Committee  and  repre- 
sent the  New  England  Water  Works  Association. 

Mr.  Charles  K.  Walker.  Before  the  motion  is  seconded  I 
have  a  little  to  say.  I  think  Mr.  Coggeshall  has  the  right  of  it. 
We  in  New  Hampshire  are  not  interested  in  the  Massachusetts 
Legislature,  and  in  what  they  do  or  in  what  they  do  not  do.  Now 
if  you  take  a  vote  here  of  the  Association  you  bring  in  representa- 
tives from  every  state  in  New  England,  and  is  that  right?  If 
you  have  some  trouble  here  in  your  Massachusetts  Legislature, 
why  shouldn't  the  representatives  of  Massachusetts  attend  to 
it,  and  why  isn't  the  best  way  to  do  as  was  done  before  —  merely 
notify  the  Massachusetts  members  of  the  Association  in  regard 
to  the  matter?  If  we  vote  as  an  Association,  I  have  got  to  vote, 
and  I  hve  in  New  Hampshire,  and  New  Hampshire  hasn't  any- 
thing to  do  with  Massachusetts  water. 

Mr.  J.  0.  Hall.  It  seems  to  me  it  will  be  very  much  better 
for  the  Association  to  act  through  the  individual  members  rather 
than  to  take  any  special  action  as  a  body.  I  would  like  to  say 
that  I  am  president  of  the  Massachusetts  Auditors  Association, 
and  we  have  under  consideration  the  question  of  what  is  called 
uniform  accounting.  A  motion  was  made  in  that  association 
that  we  send  a  committee  to  the  Legislature  this  winter  to  repre- 
sent us  in  the  interest  of  a  certain  bill.  Objection  was  made  by 
some  of  the  best  auditors  in  the  state,  the  most  level-headed  and 
thoughtful  of  the  members,  that  there  would  attach  to  such  action 
a  certain  political  element  which  would  be  objectionable  and 
would  be  of  disadvantage  to  the  association.  And  it  seems  to 
me  that  the  same  argument  holds  good  in  the  consideration  of 
the  question  now  before  us.  This  is  an  organization  intended  for 
the  advancement  of  the  scientific  and  mechanical  and  financial 
elements  in  water- works  problems,  and  there  is  a  certain  element 
of  a  political  nature  which  enters  into  this  bill,  and  if  we  were  to 
send  a  committee  to  the  Legislature,  with  the  authority  of  the 
Association  back  of  it,  it  seems  to  me  that  it  might  be  an  element 
of  weakness  in  the  presentation  of  the  case.     I  think  that  this 
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thing  can  be  reached  and  fully  presented  and  earnestly  and  effect- 
ively argued  against  if  each  member  of  the  Association  acts  in- 
dividuahy  and  to  a  certain  extent  independently.  In  that  way 
any  question  of  pohtical  action  would  be  avoided  and  the  same 
result  would  be  accomphshed. 

Mr.  Charles  W.  Sherman.  I  am  inchned  to  agree  with  Mr. 
Hall's  views.  I  think,  however,  as  Mr.  Colhns  does,  that  the 
Association  should  concern  itself  with  such  a  matter  as  this,  cer- 
tainly to  the  extent  of  discussing  the  matter  as  we  havie  to-day, 
and  that  it  would  also  be  entirely  in  order  for  the  Association  to 
go  a  httle  further  and  authorize  the  expenditure  of  a  small  sum 
of  money  in  printing  a  notice  that  this  bill  is  coming  up,  and  that 
the  matter  has  been  talked  over  at  the  meeting  to-day,  giving  a 
brief  statement  of  what  the  effect  of  the  passage  of  the  bill  would 
be,  and  maiUng  the  notices  to  each  Massachusetts  member  of  the 
Association,  and  also  to  every  water-works  superintendent  in 
Massachusetts  who  is  not  a  member  of  tne  Association,  with  the 
suggestion  that  if  members  agree  with  the  opinions  expressed  here 
to-day  they  use  their  best  endeavors  with  their  Senators  and 
Representatives  to  defeat  the  bill;  and  also  if  convenient  that 
they  attend  the  hearings.  And  as  the  other  motion  has  not  been 
seconded,  if  it  is  in  order,  I  will  make  a  motion  that  the  Secretary 
be  authorized  to  issue  a  brief  circular  describing  this  bill  and 
suggesting  that  members  interest  themselves  in  it,  and  call  the 
attention  of  their  Representatives  in  the  Legislature  to  the  effect 
that  the  passage  of  the  bill  would  have. 

Mr.  J.  C.  Chase.  1  would  like  to  present  one  point  of  view 
very  briefly  in  tliis  connection,  and  that  is,  Would  the  Association 
consider  itself  called  upon  to  interfere  in  case  such  legislation 
as  this  was  attempted  in  any  other  New  England  state  except 
Massachusetts? 

The  President.  Is  Mr.  Collins'  motion  seconded?  If  not,  is 
Mr.  Sherman's  motion  seconded? 

Mr.  L.  M.  Bancroft.     I  second  Mr.  Sherman's  motion. 

Mr.  Sherman.  Before  the  motion  is  put  I  would  hke  to  say, 
in  answer  to  Mr.  Chase's  question  as  to  whether  similar  action 
would  be  taken  if  such  legislation  were  proposed  in  any  other 
state  than  Massachusetts,  that  I  think  it  would  be  entirely  proper 
for  the  Association  to  interest  itself  to  the  same  extent  in  regard 
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to  legislation "  in  any  of  the  New  England  states.  But  I  think 
it  is  especially  proper  in  this  case,  inasmuch  as  the  sanitary  legis- 
lation for  the  protection  of  water  supplies  in  Massachusetts  is 
looked  upon  throughout  the  country,  and  almost  throughout  the 
world,  as  a  model  to  be  followed. 

Mr.  Goodnough.  I  should  like  to  suggest  as  an  amendment 
to  Mr.  Sherman's  motion  that  notice  be  sent  out  by  the  Secretary 
giving  the  time  assigned  for  the  hearing. 

Mr.  Sherman.     I  accept  that  amendment. 

Mr.  Collins.  And  I  would  Hke  to  have  Mr.  Sherman  added 
to  the  committee  to  act  with  the  Secretary. 

Mr.  J.  E.  Beals.  I  would  like  to  suggest  also  that  a  copy  of 
the  bill  that  is  to  be  presented  be  sent  out  with  the  notices. 

(Mr.  Sherman's  motion  as  amended  was  adopted.) 

The  President.  Now  in  regard  to  the  composition  of  this 
committee,  perhaps  it  might  be  well  to  have  more  than  the  Sec- 
retary and  Editor  on  the  committee ;  what  is  your  pleasure  in 
regard  to  that? 

Mr.  Willard  Kent,  I  move  that  Mr.  Goodnough  and  Mr. 
King  be  added  to  the  committee. 

Adopted. 

Mr.  Goodnough  asked  to  be  excused  from  serving  on  the  com- 
mittee, on  the  ground  that  the  matter  was  coming  before  the 
Board  of  Health  in  rather  an  official  way.  Mr.  G.  A.  Stacy  was 
suggested,  and  he  was  added  to  the  committee. 

The  first  paper  of  the  afternoon  consisted  of  extracts  from 
"  Report  Relative  to  supplying  the  City  of  New  York  with  Pure 
and  Wholesome  Water,  November,  1833,"  compiled  by  James 
M.  Betton,  of  New  York  City,  and  read  by  Charles  W.  Sherman. 

The  next  paper  was  by  J.  H.  Purdy,  of  Pittsburgh,  Pa.,  en- 
titled, "  Fire  Protection  for  Factories:  How  its  Value  shall  be 
Determined  and  Who  shall  Pay  for  It."  In  the  absence  of  Mr. 
Purdy,  Mr.  F.  H.  Crandall  read  the  paper,  and  he  also  read  a 
report  of  progress  by  the  Committee  on  Private  Fire  Services. 
The  reading  of  the  paper  and  of  the  report  was  followed  by  an 
exhibition  by  Mr.  Crandall  of  stereopticon  views  of  the  appara- 
tus used  in  the  experiments  at  Knoxville  and  Burlington.  The 
discussion  was  participated  in  by  Messrs.  T.  H.  McKenzie,  Gor- 
ham  Dana,  Robert  J.  Thomas,  John  C.  Chase,  E,  W.  Kent,  Fred- 
erick N.  Connet,  and  Leonard  Metcalf. 
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The  President  then  brovight  up  the  subject  of  the  freezing  of 
meters  during  the  past  winter,  and  experiences  were  related  by 
Messrs.  E.  W.  Kent,  Horace  G.  Holden,  Robert  J.  Thomas,  George 
A.  King,  George  F.  Chace,  W.  W.  Robertson,  A.  E.  Martin,  Frank 
L.  Fuller,  Lewis  M.  Bancroft,  and  M.  F.  Collins. 

On  motion  of  Mr.  Holden,  adjourned. 


EXECUTIVE    COMMITTEE. 

The  Executive  Committee  met  at  headquarters,  Tremont 
Temple,  at  12  m.,  Wednesday,  December  9,  1903.  Present; 
President  Charles  K.  Walker  and  Messrs.  V.  C.  Hastings,  E.  C. 
Brooks,  H.  G.  Holden,  L.  M.  Bancroft,  Willard  Kent,  R.  J. 
Thomas,  and  C.  W.  Sherman, 

Five  applications  for  membership  were  received,  and  it  was 
voted  to  recommend  the  applicants  to  the  Association  for  election. 

An  invitation  to  hold  the  next  annual  convention  in  Holyoke 
was  received.  It  was  voted  that  the  President  appoint  a  com- 
mittee of  three  to  consider  and  report  upon  the  places  for  hold- 
ing the  next  annual  convention,  and  also  the  June  meeting. 

Voted,  that  the  Editor  be  authorized  to  make  arrangements 

for  discontinuing  the  sending  out  of  three  hundred  sample  copies 

of  each  issue  of  the  Journal,  at  his  discretion. 

Adjourned. 

WILLARD   KENT,  Secretary. 

January  13,  1904. 
The  Executive  Committee  met  at  headquarters,  at  11.30  a.m. 
Present:  President  Charles  K.  Walker  and  Messrs.  H.  G.  Holden, 
J.  C.  Hammond,  Jr.,  R.  J.  Thomas,  L.  M.  Bancroft,  C.  W.  Sher- 
man, and  Willard  Kent.  Five  appH  cations  for  admission  to 
the  Association  (three  as  member  and  two  as  associate)  were  re- 
ceived, and  it  was  voted  to  recommend  the  applicants  for  ballot. 

Adjourned. 

g  WILLARD    KENT,  Secretary. 

February  10,  1904. 
Present:  President  Brooks  and  Messrs.   E.   W.   Kent,  Willard 
Kent,  H.  G.  Holden,  V.  C.  Hastings,  L.  M.  Bancroft,  G.  A.  Stacy, 
C.  W.  Sherman,  F.  E.  Merrill,  J.  E.  Beals,  and  R.  J.  Thomas. 
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Eight  applications  for  member  and  one  for  associate  were  con- 
sidered, and  it  was  voted  to  recommend  the  applicants  to  the 
Association  for  ballot. 

The  question  of  the  necessity  for  additional  room  at  head- 
quarters was  discussed. 

The  committee  previously  appointed  to  consider  the  place  for 
the  annual  convention  of  1904  reported  in  favor  of  Holyoke, 
Mass.,  and  the  Executive  Committee  voted  that  the  convention 
be  at  Holyoke. 

Treasurer  Bancroft  suggested  that  the  Treasurer  of  the  Asso- 
ciation ought  to  give  a  bond.  After  discussion,  it  was  voted  that 
the  President,  Secretary,  and  Editor  be  a  committee  to  purchase 
a  suitable  surety-company  bond  for  the  Treasurer,  at  the  expense 
of  the  Association. 

The  question  of  election  of  honorary  members  was  discussed, 
and  it  was  voted  that  the  President  appoint  a  committee  of  three 
to  consider  the  question  and  to  report  names  for  election  to  hon- 
orary membership  if  in  their  judgment  it  is  desirable.  The 
President  appointed  Messrs.  Sherman,  Willard  Kent,  and  Holden 
on  that  committee. 

Attention  was  called  to  Senate  Bill  No.  87,  now  before  the 
Massachusetts  Legislature,  which  would  result  in  removing  most 
if  not  all  sanitary  protection  of  water  supplies.  It  was  decided 
that  the  Association  ought  not  to  appear  by  a  committee  before 
the  committees  of  the  Legislature,  but  that  attention  of  mem- 
bers should  be  Called  to  the  bill  and  such  proper  action  taken  as 
the  meeting  might  decide. 

Adjourned. 

WILLARD    KENT,   Secretary. 
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Alphonse  Fteley,  Civil  Engineer,  an  honorary  member  of 
the  New  England  Water  Works  Association,  died  June  11,  1903. 

Mr.  Fteley  was  born  in  Paris,  France,  April  10,  1837.  He  re- 
ceived his  professional  education  at  the  Ecole  Polytechnique  in 
Paris,  from  which  he  was  graduated  in  1859.  After  six  years  of 
varied  engineering  work  in  France,  he  came  to  the  United  States 
in  1865.  From  1866  to  1870  he  was  general  assistant  to  William 
E.  Worthen,  on  miscellaneous  'civil,  hydraulic,  and  mechanical 
engineering  work.  In  1870  he  opened  an  office  in  New  York  City 
for  general  engineering  practice. 

In  May,  1873,  Mr.  Fteley  was  called  to  Boston  to  take  charge, 
under  Joseph  P.  Davis,  City  Engineer,  of  the  construction  of  the 
Sudbury  River  Water  Works,  This  work,  with  many  additional 
investigations  connected  therewith,  continued  until  1880.  Dur- 
ing his  connection  mth  this  work,  the  accurate  gagings  of  the 
flow  of  the  Sudbury  River  were  begun,  and  at  this  time  he  also 
carried  out;  in  connection  with  his  assistant,  Mr.  Frederic  P. 
Stearns,  important  experiments  on  the  flow  of  water  over  weirs 
and  through  aqueducts  and  upon  the  accuracy  of  current  meters. 

From  1880  to  1884  Mr.  Fteley  was  Cliief  Assistant  City  Engi- 
neer of  Boston.  In  January,  1884,  he  accepted  the  position  of 
Principal  Assistant  and  Executive  Engineer  on  the  Croton  Aque- 
duct, New  York,  under  Mr.  Benjamin  S.  Church,  Chief  Engineer. 
In  1886  Mr.  Fteley  became  Consulting  Engineer  of  tliis  work. 
In  1888  he  was  appointed  Chief  Engineer  of  the  Aqueduct  Com- 
mission, and  continued  in  this  position  until  failing  health  made 
it  necessary  for  him  to  resign  at  the  end  of  1899.  While  occu- 
pying this  position,  Mr.  Fteley  had  charge  of  the  design  and  con- 
struction of  very  important  works,  including  the  Jerome  Park 
Reservoir  and  the-  New  Croton  Dam  and  other  dams  upon  the 
Croton  River  and  its  branches. 
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After  retiring  from  active  practice,  Mr.  Fteley's  failing  health 
required  him  to  avoid  all  physical  exertion,  but  his  mental  powers 
remained  undiminished  and  he  attended  to  a  limited  amount  of 
consulting  work. 

Mr.  Fteley  was  a  member  of  the  Boston  Society  of  Civil  Engi- 
neers, and  also  the  American  Society  of  Civil  Engineers,  of  which 
he  was  president  in  1898.  He  was  elected  a  member  of  the  New 
England  Water  Works  Association  June  IS,  1885,  and  an  hon- 
orary member  September  10,  1902. 


Mr.  George  A.  Ellis,  Civil  Engineer,  who  for  nearly  four- 
teen years  was  City  Engineer  of  Springfield,  Mass.,  died  at  his 
home  in  that  city  on  December  27,  after  suffering  for  a  period 
of  eighteen  months  from  valvular  disease  of  the  heart. 

Mr.  Ellis  had  of  late  years  been  acting  as  a  consulting  engineer, 
and  had  been  engaged  on  many  important  works  throughout  the 
country.  He  was  born  in  Ashland  in  1843;  was  City  Engineer 
of  Springfield  from  1874  to  1886;  was  appointed  Chief  Engineer 
of  the  Springfield,  Athol  &  Northeastern  R.  R.  in  1873,  which 
position  he  held  for  a  short  time,  as  he  did  also  that  of  Superin- 
tendent; acted  as  Chief  Engineer  in  the  construction  of  part  of 
the  Longmeadow  &  Springfield  R.  R. ;  has  had  charge  of  the  in- 
stallation of  water  systems  at  Racine,  Wis.;  Montgomery,  Ala.; 
Sharon,  Mass. ;  Marion,  Ohio ;  and  in  other  towns,  and  in  recent 
years  has  been  connected  with  the  construction  of  electric  rail- 
ways. 

Mr.  Ellis  was  elected  a  member  of  the  England  Water  Works 
Association  on  June  21,  1883,  and  was  its  third  president,  serving 
for  the  year  1884-85.  His  portrait  was  printed  in  the  Journal 
of  December,  1902  (Vol.  16,  No.  4),  where  it  faces  page  280. 
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REPORT  ON  THE  MEASUREMENT,  CONSUMPTION  AND 
WASTE  OF  WATER  SUPPLIED  TO  THE  METROPOLITAN 
WATER    DISTRICT. 

BY    DEXTER    BRACKETT,    ENGINEER    OF    THE    DISTRIBUTION    DEPARTMENT,    MET- 
ROPOLITAN   AVATER    WORKS. 

To  the  Melroiiolitan  Water  and  Sewerage  Board. 

Gentlemen  :  — The  following  report  contains  the  results  of  work 
done  and  investigations  made  under  authority  of  chapter  391  of  the 
Acts  of  the  General  Court  for  the  year  1902,  which  authorized  the 
construction  of  works  for  measuring  the  water  used  in  each  of 
the  cities  and  towns  in  the  Metropolitan  Water  District,  and  directed 
the  Board  to  report  the  quantity  supplied  to  each  of  the  cities  and 
towns,  and  also  whether  water  is  being  unnecessarily  or  improperly 
used,  and  to  make  recommendations  regarding  the  prevention  of 
waste,  and  the  manner  of  apportioning  the  annual  assessment  among 
the  cities  and  towns. 

The  Metropolitan  Water  Works  supply  water  to  18  cities  and 
towns,  having,  on  May  1,  1903,  an  estimated  aggregate  population 
of  897,600,  and  comprising  a  territory  of  142,7  square  miles  in 
area,  the  sreater  portion  of  which  lies  within  a  radius  of  10  miles 


ERRATUM, 


In  Journal  of  December,  1908,  page  311,  line  14,  for  2.0452 
read  2.0425. 


Tlie  area,  population,  number  ot  service  pipes,  meters  ana  mileage 
of  pipe  m  use  in  the  several  cities  and  towns  are  shown  by  Tal)le 
No.  1. 

[I07J 


NEW  ENGLAP  WATER  WOES  ASSOCIATION, 


ORGANIZED   1882 

Yol, 

XYIII. 

June,  1904. 

No, 

2. 

This  Association, 

as 

a 

body, 

is 

not 

responsible  for    the 
members. 

statements 

or 

01)  in 

ions 

of 

any  o 

f  its 

REPORT  ON  THE  MEASUREMENT,  CONSUMPTION  AND 
WASTE  OF  WATER  SUPPLIED  TO  THE  METROPOLITAN 
WATER    DISTRICT. 

BY    DEXTER    BRACKETT,    ENGINEER     OF    THE    DISTRIBUTION    DEPARTMENT,    MET- 
ROPOLITAN   WATER    WORKS. 

To  the  Melroiiolitan  Water  and  Sewerage  Board. 

Gentlemen  :  —  The  following  report  coiitain.s  the  results  of  work 
done  and  investigations  made  under  authority  of  chapter  391  of  the 
Acts  of  the  General  Court  for  the  year  1902,  which  authorized  the 
construction  of  works  for  measuring  the  water  used  in  each  of 
the  cities  and  towns  in  the  Metropolitan  Water  District,  and  directed 
the  Board  to  report  the  quantity  supplied  to  each  of  the  cities  and 
towns,  and  also  whether  water  is  being  unnecessarily  or  improperly 
used,  and  to  make  recommendations  regarding  the  prevention  of 
waste,  and  the  manner  of  apportioning  the  annual  assessment  among 
the  cities  and  towns. 

The  Metropolitan  Water  Works  suppl}^  water  to  18  cities  and 
towns,  having,  on  May  1,  1903,  an  estimated  aggregate  population 
of  897,600,  and  comprising  a  territory  of  142.7  square  miles  in 
area,  the  greater  portion  of  which  lies  within  a  radius  of  10  miles 
from  the  State  House.  Topographically,  the  part  of  this  territory 
where  the  greater  portion  of  the  water  is  used  is  less  than  50  feet 
al)ove  sea  level.  The  greater  part  of  the  area  included  in  the  several 
municipalities  is,  however,  at  a  higher  elevation,  and  at  one  point 
in  the  town  of  Milton  it  rises  to  elevation  640  above  Boston  city 
base.  Other  summits  in  the  District  are  :  Arlington  Heights,  ele- 
vation 377  ;  Bellevue  Hill,  in  West  Roxbury,  elevation  340  ;  and 
Bear  Hill,  in  Stoneham,  elevation  315. 

The  area,  population,  number  of  service  pipes,  meters  and  mileage 
of  pipe  in  use  in  the  several  cities  and  towns  are  shown  by  Tal)le 
No.  1. 
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Table  No.  1. 


City  or  Town. 

Area 
(Square 
Miles). 

Estimated  . 
Population, 
May  1,  1903. 

Number 

of  Services, 

January, 

1903. 

Number 

of  Meters, 

January, 

1903. 

Per  Cent, 
of  Services 
metered. 

Miles 

of 
Pipe. 

Boston 

Somerville 

Maiden, 

Chelsea 

Everett, 

Quincy 

Medford, 

Melrose, 

Revere 

Watertown 

Arlington, 

Milton, 

Wintbrop 

Stoneham 

Belmont, 

Lexington 

Nahant, 

Swampacott 

38.2 
4.2 
4.9 
2.3 
3.4 

16.5 
7.1 
5.1 
5.9 
4.1 
5.2 

12.9 
1.6 
6.6 
4.6 

16.0 
1.0 
3.1 

597,900 
67,600 
36,900 
35,900 
28,000 
26,800 
21,000 
13,900 
12,700 
10,800 
9,700 
7,400 
7,300 
6,400 
4,800 
4,100 
1,300 
5,100 

89,384 
10,710 
6,700 
6,257 
4,670 
4,850 
4,039 
3,221 
2,261 
1,692 
1,700 
1,078 
1,747 
1,157 
621 
620 
462 
1,055 

4,617 

271 

4,245 

113 

49 

152 

124 

95 

28 

1,515 

94 

1,078 

9 

19 

621 

4 

43 

5.2 
2.5 
63.4 

1.0 
3.1 
3.1 
3.0 
1.2 

5.5 
100.0 
.5 
1.7 
100.0 
.6 

723.0 
82.5 

38.7 
42.0 
83.7 
50.4 
44.5 
34.5 
30.1 
34.3 
35.0 
22.7 
19.9 
17.9 
11.7 
15.9 
17.2 

142.7 

897,600 

142,224 

13,077 

9.2 

1,386.0 

Previous  to  the  formation  of  the  Metropolitan  Water  District 
nearly  all  of  these  cities  and  towns  drew  their  supplies  from  dif- 
ferent sources,  and  maintained  separate  reservoirs  and  pumping 
stations.  Since  the  construction  of  the  Metropolitan  Works  eleven 
sources-  of  supply  have  been  abandoned,  and  the  pumping,  which 
was  formerly  done  at  twenty  stations,  is  now  done  at  five  stations. 
All  water  delivered  by  the  Sudbury  and  Cochituate  aqueducts  is 
delivered  by  gravity  into  Chestnut  Hill  Reservoir,  whence  it  is 
raised  ])y  pumping  machinery  to  different  elevations  supplying 
separate  districts.  The  water  delivered  by  the  Weston  Aqueduct, 
which  was  completed  and  placed  in  service  on  December  29,  1903,  is 
discharged  directly  into  the  low-service  mains  without  any  pumping. 

For  the  southern  low-service  district,  comprising  the  lower  por- 
tion of  the  city  of  Boston,  excepting  in  Charlestown  and  East 
Boston,   the  pressure  at  the  pumping  station   at  Chestnut   III  11  is 
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maintained  so  as  to  deliver  water  in  the  city  at  an  elevation  of  about 
130  feet  above  Boston  city  base  at  all  times  during  day  and  night. 

For  the  northern  low-service  district,  including  the  lower  portion 
of  the  cities  of  Somerville,  Medford,  Maiden,  Everett,  Chelsea, 
and  for  Charlestown  and  East  Boston,  water  is  pumped  into  Spot 
Pond  at  elevation  163  above  Boston  city  base. 

For  the  southern  high-service  district,  comprising  Quincy,  Water- 
town  and  Belmont,  and  the  higher  portion  of  the  city  of  BostcHi, 
water  is  [)umped  from  Chestnut  Plill  to  the  Fisher  Hill  and  Waban 
Hill  reservoirs.  High-water  mark  in  the  Fisher  Hill  Reservoir  is 
at  elevation  251,  and  in  Wal)an  Hill  Reservoir  204. 5  feet  above 
Boston  city  base. 

For  the  northern  high-service  district,  comprising  the  city  of 
Melrose,  the  towns  of  Revere,  Winthrop,  Nahant,  Swampscott  and 
Stoneham  and  the  higher  portions  of  the  cities  of  Somerville,  Med- 
ford, Maiden,  Everett  and  Chelsea,  water  is  pumped  from  Spot 
Pond  to  the  Fells  Reservoir  at  elevation  271,  and  to  Bear  Hill 
Reservoir  at  elevation  300.  The  town  of  Stoneham  alone  is  supplied 
from  the  Bear  Hill  Reservoir. 

For  the  town  of  Lexington  and  the  higher  portion  of  the  town  of 
Arlington,  water  is  pumped  from  the  low-service  mains  in  Arling- 
ton to  a  standpipe  on  Arlington  Heights  at  elevation  443.  For  the 
higher  portion  of  the  town  of  Milton  and  of  the  West  Roxbury  dis- 
trict of  Boston,  water  is  pumped  to  a  standpipe  on  Mt.  Bellevue,  m 
West  Roxbury,  at  elevation  376. 

For  the  year  1902  the  percentage  of  the  total  consumption  used 
in  the  several  districts  was  as  follows  :  — 

Southern  low-service  district,       .         .         .         .         .         .         .         ...  40.0 

Northern  low-service  district,      .         .         .         .         .                  .         .  25.0 

Southern  high-service  district, 27.0 

Northern  high-service  district, 7.-1 

Northern  extra  high-service  district, .3 

Southern  extra  high-service  district, .3 

Table  No.  2  shows  the  revenue  received  from  water  rates  for  the 
year  1902  in  the  several  cities  and  towns  supplied  by  the  Metro- 
politan Works. 
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Table  No.   2. 


Revenue 

FKOM  Wat 

:r  Rates. 

Revenue 

from  Metered 

Water. 

Percent, 
of 

CITY  OR  TOWN. 

Received  from 

Private 

Consumers. 

Received 
from  Munic- 
ipalities. 

Total. 

Revenue 

from 
Metered 
Water. 

Boston, 

$2,306,191  98 

*- 

$2,306,191  98 

$1,005,312  26 

43.6 

Somerville, 

213,965  51 

*- 

213,965  51 

50,733  53 

23.7 

Chelsea,    . 

100,468  03 

$6,821  00 

107,289  03 

23,629  86 

22.0 

Maiden,     . 

95,968  95 

1,143  29 

97,112  24 

68,403  08 

70.5 

Everett,     . 

80,827  74 

674  40 

81,502  14 

23,284  50 

28.6 

Quincy,     . 

78,093  48 

78,093  48 

14,452  65 

18.5 

Medford,  . 

53,549  53 

6,148  72 

55,698  25 

6,667  48 

11.2 

Melrose,    . 

49,990  22 

*- 

49,990  22 

3,041  54 

6.1 

Revere, 

t  32,382  93 

5,117  07 

t  37,500  00 

1,511  95 

4.0 

Watertown, 

31,196  88 

*- 

31,196  88 

30,034  88 

96.3 

Arliugton, 

35,721  89 

*- 

35,721  89 

4,065  98 

11.4 

Milton,       . 

27,694  68 

11,155  70 

38,850  38 

38,850  38 

100.0 

Winthrop, 

t 27,818  08 

4,681  92 

t  32,500  00 

293  71 

.9 

Stoneham, 

19,246  35 

2,400  00 

21,646  35 

2,123  95 

9.8 

Belmont,  . 

11,840  51 

452  51 

12,293  02 

12,293  02 

100.0 

Lexington, 

9,729  87 

4,630  99 

14,360  86 

736  42 

5.1 

Nahant,     . 

6,382  47 

800  00 

7,182  47 

791  96 

11.0 

8wamp^cott, 

17,104  33 

1,435  50 

18.539  83 

- 

- 

$3,198,173  43 

$45,461  10 

$3,243,634  53 

$1,286,227  15 

39.7 

No  revenue  received  for  water  used  for  municipal  purposes. 


t  Estimated. 


Measurement  of  Water  consumed. 
Before  measurements  and  investigations  could  be  made  to  deter- 
mine the  quantity  of  water  used  and  wasted,  it  was  necessary  to 
provide  means  for  measuring  the  water  supplied  to  the  several  cities 
and  towns.  Previous  to  May  13,  1902,  when  the  Act  authorizing 
such  measurement  was  approved,  studies  had  been  made  to  deter- 
mine the  best  method  of  measuring  the  water  used,  and  on  June  20, 
1902,  a  contract  was  made  with  the  Builders  Iron  Foundry  of  Provi- 
dence, R.  I.,  for  furnishing  42  Venturi  meters,  in  sizes  from  8  inches 
to  48  inches.  These,  with  3  meters  ])reviously  purchased  and  set, 
and  4  meters  which  Avere  subsefjuentiy  ordered,  make  49  meters 
which  have  been  placed  at  the  following  points  on  the  pipes  supply- 
inir  the  several  cities  and  towns  :  — 
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District 

supplied  by 

Meter. 


Location  of  Meter. 


Size  of 

Meter 

(Inches). 


Arlington, 

Belmont,          .         .  : 

Boston  (2  meters), 

Boston,    . 

Boston,    . 

Bofton,    . 

East  Boston,  . 

Brighton, 

Charlestown, . 

Charlestown,  . 

Charlestown, . 

Dorchester,     . 

Dorchester,    . 

West  lioxbury,      . 

Chelsea,  . 

Chelsea.  . 

Chelsea,  . 

Everett,  . 

Everett,  . 

Evereti,  . 

Lexington, 

Maiden,  . 

Maiden,  .        . 

Maiden,  . 

Maiden,  . 

Maiden,  . 

Maiden,  . 

Medford, 

Medford, 

Medford,         .        . 

Medford, 

Melrose,  . 

Milton,    . 

Nahant,  . 

Quincy,   . 

Revere,    . 

Somerville,     . 

Somerville,     . 

Somerville,     . 

Medford  Street,  at  Parallel  Street 

Common  Street,  at  Belmont  Street,  .        .         .        . 

Low. service  pumping  station.  Chestnut  Hill  Reservoir, 

Boylston  Street,  Brookline 

Brookline  Reservoir  grounds,  Brookline, 

Chestnut  Hill  Reservoir,  near  effluent  gate  chamber,    . 

Condor  Street,  at  Brooks  Street, 

Chestnut  Hill  Avenue,  at  Beacon  Street, 
Broadway,  at  Walnut  Street,  Somerville, 
Pearl  Street,  at  Walnut  Street,  Somerville,    . 
Broadway,  Chelsea,  near  North  Bridge, 

Morton  Street,  at  Blue  Hill  Avenue 

River  Street,  at  Morton  Street, 

Arborway,  at  South  Street, 

Powder  Horn  Hill,  at  Chelsea  Reservoir, 

Second  Street,  at  Broadway, 

Second  Street,  Everett,  at  Locust  Street, 

Broadway,  at  Hancock  Street, 

Main  Street,  at  Wyllis  Avenue, 

Broadway,  at  Corey  Street 

Massachusetts  Avenue,  at  Arlington-Lexington  line,    . 
Highland  Avenue,  at  Clifton  Street,         .        .        .        . 

Hancock  Street,  at  Cross  Street 

Washington  Street,  at  Winter  Street,      .        .        .        . 
Clifton  Street,  at  Washington  Street,       .        .        .         . 

Medford  Street,  at  Pearl  Street 

Medford  Street,  at  Green  Street 

Governors  Avenue,  at  High  Street, 

Boston  Avenue,  at  College  Avenue 

Governors  Avenue,  at  High  Street 

Jerome  Street,  at  High  Street 

Ravine  Road,  right  of  way  to  Melrose  Reservoir,  . 

Adams  Street,  at  Canton  Avenue, 

Beach  Road,  at  Nahant-Lynn  line, 

Adams  Street,  at  Beale  Street, 

Prospect  Avenue,  at  Revere  Reservoir 

Boston  Avenue,  at  Professors  Row 

Cedar  Street,  at  Broadway, 

Broadway,  at  Willow  Avenue,         .... 
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DiSTBICT 

supplied  by 
Meter. 

Locatlou  of  Meter. 

Size  of 

Meter 

(Inches). 

Somerville,     . 
Somerville,     . 
Somerville,     . 
Somerville,     . 
Somerville,     . 
Swampscolt,  . 
S.toneham,      . 
Watertown,    . 
Winthrop,      . 

Medford  Street,  at  Central  Street, 

Pearl  Street,  at  Walnut  Street 

Broadway,  at  Marshall  Street 

Webster  Avenue,  near  Newton  Street, 

Willow  Street,  at  Elm  Street, 

Ocean  Street,  at  Nahant  Road, 

High-service  pumping  station.  Spot  Pond, 

Mount  Auburn  Street,  near  Irving  Street, 

Atlantic  Avenue,  at  Crescent  Avenue 

12 
16 
12 
20 
16 
12 
24 
16 
16 

The  work  of  setting  the  meters  was  begun  in  August,  1902,  and 
continued  as  fast  as  the  meters  were  received,  until  the  middle  of 
December,  1902,  when  the  work  was  stopped  hy  cold  weather.  It 
was  resumed  in  March,  1903,  and  continued  until  June  27,  when  all 
meters  required  for  measuring  the  water  used  in  the  18  cities  and 
towns  supplied  by  the  Metropolitan  Works  had  been  set.  The 
cost  of  the  work  to  date  has  been  $74,088.54.  This  amount  does 
not  include  the  cost  of  2  48-inch,  1  36-inch,  1  24-inch  and  2  16- 
inch  meters  purchased  and  set  previous  to  the  passage  of  the  Act. 

Although  24  of  the  meter  tubes  were  set  during  the  year  1902, 
the  manufacturers  did  not  deliver  any  of  the  registering  apparatus 
until  early  in  1903  ;  and  it  was  not  until  January  24  that  any  of  the 
meters  purchased  in  1902  were  placed  in  service. 

•Continuous  measurements  of  the  consumption  in  the  several 
cities  and  towns  have  been  made  since  the  foUowino-  dates  :  — 


Stoneham, 

.     January      1 

Milton,     . 

February  28 

Melrose,  . 

.     January    24 

Chelsea,  . 

April         11 

Medford, 

.     February    3 

Quiney,    . 

May             8 

Everett,    . 

.     February    6 

Nahant,    .         .     ,    . 

June          18 

Revere,    , 

.     February  13 

Svvampscott,    . 

June          18 

Maiden,   . 

.     February  16 

Arlington, 

June          19 

Watertown,     . 

.     February  16 

Lexington, 

June          19 

Belmont,. 

.  '  Fel)ruary  20 

Somerville, 

June         24 

Winthrop, 

.     February  26 

Boston,     . 

June         26 
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The  Venturi  meter  is  entirely  different  in  principle,  design  and 
operation  from  the  water  meters  in  general  use  for  measurino:  water 
used  by  water  takers.      The  meter  proper  consists  of  two  truncated 


Tnrr 


Vento.-i    Meter    Tube 


A.  Chort-bOX  ond   Chort  • 

B.  Weight  for  operating  register  mechomsm. 

C-    Cylinder  contoinrng  floot  ond  'ntegroting  mechorism. 


Scole   of    Feet 


VEJSTL'UI  Metkii  akd  Keuistek  Chambek. 


cones  of  cast  iron,  joined  at  the  smallest  diameter  ]>y  a  short  throat 
piece  of  cast  iron  lined  with  brass,  having  a  diameter  varying  in 
different  meters  from  one-quarter  tp  one-half  of  the  diameter  of  the 
large  ends  of  the  cones,  the  three  parts  making  what  is  known  as 
the  meter  tulie.  At  the  up-stream  end  and  at  the  throat  small  holes 
are  drilled  into  the  tube,  from  which  pipes  are  carried  to  the 
register.     The  operation  of  the   meter  is  due  to  the  fact  that  when 
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water  is  flowing  through  the  tube  the  pressure  at  the  throat  is  less 
than  at  the  up-stream  end,  and  that  the  difference  in  pressure  is 
dependent  upon  the  quantity  of  water  flowing  through  the  tube. 
The  diff'ering  pressures  at  the  up-stream  end  and  throat  of  the 
meter  tube  are  transmitted  through  small  pipes  to  the  register, 
which  can  be  located  at  any  convenient  point  within  300  or  400  feet 
of  the  tube.  In  the  register  the  difi^erences  of  pressure  affect  the 
level  of  a  column  of  mercury  which  carries  a  float.  The  position 
of  this  float  is  thus  made  dependent  upon  the  quantity  of  water 
passing  through  the  meter ;  and  l)y  suitable  mechanism  the  quan- 
tity is  recorded  by  a  counter,  and  the  rate  of  flow  at  intervals  of 
ten  minutes  is  recorded  upon  a  roll  of  paper,  so  that  the  fluctua- 
tions in  the  flow  throughout  each  day  can  l)e  oljserved.  Although 
the  pressure  at  the  throat  of  the  meter  is  often  several  pounds  less 
than  at  the  inlet  or  up-stream  end,  the  lost  pressure  is  nearly  all 
regained  by  the  time  the  water  reaches  the  outlet  end  of  the  tube, 
so  that  the  net  loss  of  pressure  caused  by  the  meter  is  seldom  more 
than  one  pound,  under  ordinary  conditions  of  use. 

This  type  of  meter  is  well  adapted  for  measuring  large  vohunes 
of  water  through  pi])es  in  which  the  maximum  rate  of  flow  does  not 
exceed  eight  or  ten  times  the  minimum  rate.  The  smallest  rate  of 
flow  recorded  by  the  8-inch  meters  is  50,000  gallons  per  day,  and 
the  48-inch  meters  record  flows  at  the  rate  of  60,000,000  gallons 
during  the  same  time.  Comparisons  of  the  water  used  in  the  Met- 
ropolitan District,  as  determined  by  current  meter  measurements  of 
the  flow  in  the  aqueducts,  by  displacement  of  the  plungers  on  the 
pumping  engines  and  by  the  Venturi  meters,  indicate  that  the 
meters  probably  give  results  which  are  accurate  within  2  per  cent. 
Facsimile  copies  of  records  made  by  the  meters,  showing  the  rate 
of  consumption  in  some  of  the  districts,  are  shown  on  diagram  9. 

The  daily  average  quantity  of  water  used  in  each  of  the  cities  and 
towns  during  each  month  since  June  30,  1903,  is  given  in  the 
following  tal)le  (No.  3),  and  in  a  table  appended  to  this  report  will 
l)e  found  the  daily  average  for  each  week. 
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The  total  consiimption  of  the  District,  as  given  in  tlic  preceding 
table,  is  about  21  per  cent,  less  than  the  consumption  as  measured 
by  the  displacement  of  the  pump  plungers  at  the  pumping  stations. 
The  difference  includes  the  quantity  used  in  all  of  the  pumping 
stations  and  the  leakage  from  the  Metropolitan  mains  and  reservoirs. 
This  use  and  leakage  is  estimated  to  be  not  less  than  500,000  gal- 
lons per  day. 

It  will  be  noticed  that  there  are  great  differences  in  the  per  capita 
use  in  the  several  municipalities.  To  some  extent  these  differences 
can  be  explained  l)y  the  difference  in  the  class  of  takers  supplied ; 
but,  excepting  the  five  larger  cities,  where  the  manufacturing  and 
trade  use  is  considerable,  it  is  safe  to  assume  that  where  the  con- 
sumption per  capita  is  more  than  50  gallons  per  day  the  excess  is 
wasted. 

Investigations  have  been  made  to  determine  the  amount  of  water 
used  in  the  several  municipalities  for  domestic  purposes,  for  manu- 
facturing, mechanical  and  trade  purposes,  and  for  public  purposes ; 
also  to  ascertain  the  various  ways  in  which  water  is  unnecessarily 
used  or  wasted. 

Use  of  Water  for  Domestic  Purposes. 

The  term  "  domestic  use  "  will,  for  the  purposes  of  this  report, 
])e  understood  to  include  not  only  the  strictly  household  use,  but 
also  the  water  used  for  private  stables  and  watering  lawns.  The 
best  information  regarding  the  quantity  used  for  these  purposes  is 
obtained  from  the  records  of  the  cities  and  towns  where  all  or  a 
large  percentage  of  the  water  takers  are  supplied  through  meters. 
Within  the  Metropolitan  District  there  are  about  8,500  meters  sup- 
plying water  for  domestic  purposes.  In  the  towns  of  Belmont  and 
Milton  every  service  pipe  is  metered  ;  in  Watertown,  89.5  per  cent.  ; 
and  in  Maiden,  63.4  per  cent. 

The  average  daily  quantity  of  Avatcr  used  for  domestic  purposes 
as  measured  by  meters  in  each  of  these  numicipalities  during  the 
^'cars  1901  and  1902  was  as  follows  :  — 
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CITY  OR  TOWN. 

Number 
OF  Consumers. 

Gallons 

PER  Day. 

Gallons  per  Day 
PER  Consumer. 

1901. 

190S. 

1901. 

1903. 

1901. 

1902. 

Belmont, 

3,600 

3,900 

63,760 

66,630 

17.7 

17.1 

Maiden,       .        .        .        .        . 

21,100 

22,550 

414,030 

450,160 

19.6 

20.0 

Milton 

6,850 

7,450 

115,000 

143,500 

16.8 

19.. S 

Watertown,        .... 

9,650 

10,250 

147,200 

152,900 

15.3 

14.8 

41,200 

44,150 

739,990 

813,190 

18.0 

18.4 

The  above  quantities  include  water  used  for  stables  supplied  in 
connection  with  dwellings  and  that  used  for  lawn  sprinkling,  as  well 
as  that  used  strictly  for  household  purposes.  In  all  these  munici- 
palities the  meters  have  been  in  use  l)ut  a  comparatively  few  years, 
and  it  is  not  probable  that  they  have  become  Avorn  so  as  to  cause  a 
large  percentage  of  error  in  registration.  The  experience  in  other 
cities  and  towns  where  meters  are  in  general  use  on  domestic  services 
corroborates  the  results  obtained  in  the  Metropolitan  District. 

Tal)le  No.  4  gives  the  per  capita  metered  consumption  for  the 
year  1902  in  several  places  where  all  or  a  large  percentage  of  the 
water  used  is  metered. 

Table  No.  4. 


CITY  OR  TOWN. 


Estimated 
Number 


3TB. 


Brockton,    . 
Fall  River,  . 
Newton, 
Ware,  . 

Woonsocket,  R.  I., 
Wellesley,  . 
Worcester, . 
Yonkers,  N.  Y., 


37,800 
107,650 
35,400 

34,474 

5,147 

119,330 

51,000 
398,491 


Per  Cent, 
of  Services 
metered. 


90.0 
96.0 
86.0 

100.0 
86.7 

100.0 
94.5 


Total 
Daily  Average 

Metered 

Consumption 

(Gallons). 


822,670 

2,607,100 

1,202,740 

203,430 

762,380 

132,540 

4,331,030 

2,413,380 

12,475,270 


Gallons  per  Cons 
PER  Day 


13.2 
15.5 
23.1 
25.4 
11.6 
25.6 
16.1 
19.7 


16.7 


Manufac- 
turing. 


5.2 
4.6 
1.1 
10.5 
.1 
17.8 
22.0 


=  21.8 
*22.2 
*34.0 

22.1 
25.7 


Includes  water  used  for  public  purposes. 


The  statement  sometimes  made  that  the  greatest  use  or  waste  of 
water  is  to  be  found  in  the  cheapest  class  of  houses  is  not  substan- 
tiated by  the  results  obtained  where  water  is  supplied  by  meter. 
On  the  contrary,  experience  seems  to  indicate  that  the  per  capita 
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use  of  Avater  for  domestic  purposes  increases  with  the  vahie  of  the 
property  supplied. 

This  is  illustrated  l)y  the  following  tables  (Nos.  5  and  6),  the 
first  of  which  gives  the  per  capita  consumption  in  tenement  houses 
in  the  city  of  Boston  during  the  year  1902,  and  the  second  the  per 
capita  consumption  in  houses  of  differing  value  in  other  cities  :  — 

Table  No.  5. —  Use  of  Water  in  Tenement  Houses  in  Boston  durinrj  1902. 


Gallons  per  Day. 

Number 
of 

Number 
of 

Number 
of 

Monthly 
Rental. 

WARD. 

HouseB. 

Families. 

Persons. 

Per 

Per 

Family. 

Capita. 

Ward    6 

21 

263 

1.226 

115 

24.8 

$12    to  $16 

Ward    7, 

8 

75 

365 

71 

14.5 

12    to     16 

Ward    7, 

13 

155 

755 

64 

13.2 

16    to    20 

Ward    8, 

15 

131 

625 

113 

23.7 

16    to    20 

Ward    9, 

20 

171 

758 

92 

20.7 

12    to    20 

Ward    8, 

12 

116 

553 

141 

29.6 

20    to    25 

Ward    8 

10 

88 

420 

138 

29.0 

25    to    30 

Ward  10 

21 

209 

949 

150 

33.1 

25    to    30 

Ward  10, 

20 

250 

1,135 

200 

43.9 

30    to    40 

Ward  11, 

10 

111 

545 

190 

38.7 

25    to    45 

Ward  11 

10 

89 

437 

194 

39.5 

35     to     55 

Ward  11, 

81 

398 

218 

44.4 

50  upwards 

169 

1,739 

8,166 

139 

29.63 

- 

Table  No.  6. — Domestic  Consit^mptioyi  per  Capita  in  Newton^  Fall  River., 
Worcester  and  London,  Eng..,  as  determined  by  Meter  Measurement. 


Consumption 

CITY 

Number 
of 

Number 
of 

Number 
of 

(Gallons). 

Remarks. 

OR   TOWN. 

Houses. 

Families. 

.Persons. 

Per 

Family. 

Per 
Capita. 

Newton,      . 

490 

490 

2,450 

132.5 

26.5 

All  houses  supplied  with 
modern  plumbiui;. 

Newton,      . 

- 

619 

3,005 

- 

6.6 

These  families  have  but  one 
faucet  each. 

Newton, 

- 

278 

1,390 

34.5 

6.9 

These  families  have  but  one 
faucet  each. 

Fall  River,  . 

28 

34 

170 

127.5 

25.5 

The  most  expensive  houses  in 
the  city. 

Fall  River, . 

64 

148 

740 

42.0 

8.4 

Average   class  of  houses,  gen 
erally  having  bath  and  water- 
clo.set. 

Worcester, 

- 

81 

327 

80.2 

19.9 

Woodland  Street,  best  class  of 
houses. 

Worcester, 

- 

37 

187 

118.1 

23.4 

Cedar  Street,  best  class  of 
houses. 

Worcester, 

- 

93 

447 

95.0 

19.8 

Elm  Street,  houses  of  moderate 
cost. 

Worcester, 

- 

245 

1,104 

55.1 

12.2 

Southbridge     Street,     cheaper 

Worcester, 

~ 

.    229 

809 

55.0 

15.6 

Austin  Street,  cheaper  houses. 

London,  Ent(.,    . 

1,169 

- 

8,183 

- 

25.5 

Houses  renting  from  $250  to 
$600;  each  have  bath  and 
two  water  closets. 

London,  Eng.,    . 

727 

~ 

5,089 

18.6 

Middle    class,    average   rental, 

$200. 
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During  the  past  thirty  years  the  number  of  water  fixtures  has  in- 
creased much  faster  than  the  ])opulation.  In  Boston,  for  example,  the 
average  number  of  fixtures  per  capita  increased  from  .523  in  1870 
to  1.165  in  1900,  so  that  the  opportunities  for  the  use  and  waste  of 
water  were  greatly  increased.  It  is  probable  that  there  is  likely  to 
be  still  further  increase  in  the  use  of  water  for  domestic  purposes, 
even  though  it  be  supplied  and  paid  for  by  meter  measurement ;  but 
it  does  not  seem  probable  that  the  quantity  needed  will  exceed  25 
gallons  })er  capita  for  many  years  to  come. 

Use  of  A¥ater  for  Manufacturing,  Mechanical  and  Trade 
Purposes. 
The  use  of  water  for  manufacturing,  mechanical  and  trade  pur- 
poses varies  to  a  wide  degree  in  different  municipalities,  depending 
upon  the  extent  of  business  and  trade  and  upon  the  character  of  the 
purposes  for  which  water  is  used.  The  manufiicturing  and  trade 
use  in  the  Metropolitan  Water  District  is  centered  in  Boston, 
although  the  per  capita  use  for  these  purposes  is  quite  large  in  sev- 
eral other  cities  and  towns. 

The  greater  portion  of  the  water  used  for  manufacturing  and  trade 
in  the  Metropolitan  District  is  supplied  through  meters,  and  the 
metered  use  in  the  several  municipalities  for  these  purposes  during 
the  year  1902  was  as  follows  :  — 
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Bakeries,        .... 
Breweries  and  bottling. 
Electric  companies. 
Elevators  and  motors,  . 
Factories  and  machine  shops, 
Farms  and  greenhouses,      . 
Gas  works,    .... 

Hotels, 

Iron  works 

Laundries,     .... 
Offices  and  stores, 
Oil  and  chemicals, 

Railways 

Restaurants  and  saloons,     . 
Shipping,       .... 
Slaughtering, 

Stables 

Sugar  refineries,    . 
Miscellaneous, 

OS 
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Careful  estimates  of  the  quantity  of  water  used  for  these  purposes, 
which  is  not  metered,  indicate  that  the  amount  is  not  more  than  5 
gallons  per  capita  in  Boston  and  from  2  to  3  gallons  per  capita  in 
other  cities  and  towns  in  the  District,  with  an  average  of  about  4 
gallons  for  the  whole  District.  This  quantity,  added  to  the  quantity 
supplied  through  meters,  gives  about  23.5  gallons  per  capita  per  day 
required  at  the  present  time  for  manufacturing,  mechanical  and  trade 
purposes  in  the  Metropolitan  Water  District. 

In  other  cities  of  the  United  States  there  exists  a  wide  difference 
in  the  amount  of  water  used  from  the  public  water  su[)plies  for 
manufacturing  and  mechanical  purposes,  depending  upon  the  char- 
acter of  the  manufacturing  carried  on  or  the  rates  charged  for  water, 
and  upon  other  local  conditions. 

The  following  table  (No.  8)  gives  the  total  metered  consumption 
in  1902  in  several  of  the  largest  cities  of  the  United  States,  where 
very  little  or  none  of  the  water  supplied  for  domestic  use  is 
metered  :  — 

Table  No.  8. 


Number 

of 
Meters. 


Daily  Average 
Metered 

Consumption 
(Gallons). 


Per  Cent. 

of  Services 

metered. 


Gallons 

per 
Capita. 


Gallons  per 
Metered 
Service 
per  Day. 


Boston,  . 
St.  Louis,  Mo., 
Baltimore,  Md., 
Buffalo,  N.  T., 
Pittsburg,  Pa., 
Detroit,  Mich., 
Chicago,  111.,  . 
Philadelphia,  Pa. 


5,381 
4,635 
2,182 
1,375 
394 
5,847 
7,075 
1,510 


17,521,400 
15,149,000 
13,226,000 
16,.501,800 
4,279,000 
14,970,800 
41,096,000 
16,430,400 


6.03 
6.41 
2.17 
2.04 
1.09 
9.24 
2.18 
.59 


29.90 
23.30 
25.20 
46.00 
16.40 
42.70 
18.30 
12.20 


3,495 
6,061 
12,000 
10,860 
2,543 
5,809 
10,881 


In  the  city  of  Buffalo  the  water  rates  are  very  low,  and  the  use 
of  water  for  manufacturing  and  mechanical  purposes  is  very  large. 
From  2.04  per  cent.,  or  about  one-fiftieth  of  the  service  pipes  in 
use,  there  are  drawn  daily  16,501,800  gallons,  —  an  amount  equiva- 
lent to  46  gallons  per  inhabitant  for  the  whole  city.  This  per  capita 
quantity  used  by  a  comparatively  few  water  takers  is  8  gallons  more 
than  the  per  capita  consumption  in  the  city  of  Fall  River  for  all  pur- 
poses, domestic,  manufacturing  and  public.  In  Fall  River  the  use 
of  water  from  the  puldic  water  supply  for  manufacturing  and  trade 
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purposes  is  only  5  gallons  per  capita,  the  factories  obtaining  their 
supply  of  water  from  a  stream  which  flows  through  the  city. 

A  comparison  of  the  figures  giving  the  percentage  of  services 
metered  and  the  daily  number  of  gallons  used  per  meter  and  per 
capita  indicates  that  but  a  small  portion  of  the  total  manufacturing, 
mechanical  and  trade  uses  are  metered  in  several  of  the  cities,  and 
that  the  total  use  for  these  purposes  is  much  larger  than  in  the  Met- 
ropolitan District. 

Use  of  Water  for  Public  Purposes. 

The  principal  uses  included  under  this  head  are  for  public  build- 
ings, for  public  fountains,  for  sprinkling  streets,  for  flushing  water 
pipes  and  sewers,  and  for  extinguishing  flres. 

While  the  quantity  used  for  public  purposes  in  most  cities  is  a 
very  small  proportion  of  the  total  quantity  used,  there  is  a  large 
ditterence  in  the  quantity  used  in  diflerent  cities,  and  in  some  in- 
stances the  public  use  is  quite  a  large  proportion  of  the  total. 
Where  no  charge  is  made  for  water  used  in  pul)lic  buildings  and  for 
other  public  uses,  it  often  happens  that  little  or  no  attention  is  given 
by  the  officials  in  charge  to  prevent  the  extravagant  use  or  waste  of 
water,  and  for  this  reason  the  quantity  used  is  sometimes  very 
large.  In  the  several  municipalities  comprising  the  Metropolitan 
Water  District  the  practice  regarding  payment  for  water  used  for 
public  purposes  is  not  at  all  uniform.  In  Boston,  Somerville, 
Quincy,  Melrose,  Watertown,  Arlington  and  Stoneham  the  water 
departments  receive  no  income  from  water  furnished  to  other  de- 
l)artments  of  the  municipality;  but  in  Watertown,  Quincy  and 
Stoneham  the  income  from  water  rents  is  insufficient  to  pay  the 
maintenance,  interest  and  sinking  fund  requirements,  and  a  sum  to 
meet  the  deficiency  is  raised  by  general  taxation.  In  Chelsea, 
Revere,  Milton,  Winthrop,  Lexington  and  Nahant  the  water  depart- 
ments receive  an  income  for  water  used  for  all  public  purposes, 
in(;luding  a  payment  for  fire  hydrants.  In  Maiden,  Everett  and 
Belmont  an  income  is  received  for  water  used  in  public  buildings, 
but  no  charge  is  made  for  fire  hydrants  or  for  water  used  in  sprink- 
ling streets  and  flushing  sewers.  In  Medford  an  income  is  received 
for  water  used  in  })uj)lic  buildings  and  for  fire  hydrants,  l)ut  not  for 
street  spi'iiikliiig  and  Hushing  sewers. 
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Public  Bu  ildings. 
"Under   the   head   of  public   buildino-s   are    inchided    schools,    fire 
engine  houses,  State  House,  city  and  town  halls,  hospitals,  asylums 
and  jails,  churches  and  theatres,  and  all  other  national.  State,  county 
and  muuici})al  liuildings. 

The  best  measurement  of  the  quantity  required  for  public  schools 
is  that  furnished  by  the  records  in  several  of  the  cities  and  towns 
where  the  water  furnished  to  the  schools  has  l)een  metered.  The 
results  of  these  measurements  are  given  in  the  following  table  (No. 

9):- 

Table  No.   9.  —  Use  of  Water  in   Schools. 


City 
OR  Town. 

Year. 

Number 

of 
Schools 
metered. 

Teachers 

and 
Scholars 
in  Schools 
metered. 

Total 
Teachers 

and 
Scholars 
in  City. 

Gallons 

Scholar 

per  School 

Day.* 

Gallons  per 
Day  per 

Inhabitant 

for 

Schools. 

Remarks. 

Boston,     . 

1899 

t- 

72,190 

72,190 

6.22 

.41 

All  metered  except 
about  7  per  cetit. 

Maiden,    . 

1901 

17 

5,446 

5,446 

2.21 

.17 

Maiden,    . 

1902 

18 

5,640 

5,640 

2.26 

.18 

Medford,  . 

1901 

13 

2,734 

3,214 

4.02 

.33 

Medford,  . 

1902 

13 

2,874 

3,354 

4.11 

.34 

Belmont,  . 

1902 

4 

626 

626 

6.96 

.48 

Milton,     . 

1901 

6 

1,122 

1.122 

6.56 

.53 

One  school  of  70 
scholars  does  not 
use  city  water, 
and  is  not  metered. 

Somerville, 

1899 

22 

9,004 

9,228 

6.29 

.46 

All  except  one 
school  metered. 

*  This  column  is  based  on  the  assumption  that  there  are  180  school  days  in  the  year. 

t  The  quantity  used  was  metered,  except  about  7  per  cent.,  which  was  estimated  from  the  amount 
received  from  annual  rates  at  14  cents  per  100  cubic  feet.  The  number  of  scholars  in  the  unmetered 
schools  could  not  be  readily  ascertained. 

The  use  for  public  schools  should  not  exceed  .5  of  a  gallon  per 
capita  of  the  total  population.  The  private  schools  and  colleges  in 
the  Metropolitan  District  used  by  meter  measurement,  in  the  year 
1902,  a  quantity  equivalent  to  .2  of  a  gallon  per  capita  of  the  entire 
population,  which,  added  to  the  public  school  use,  gives  .7  of  a 
gallon  for  the  total  use  of  schools. 

During  the  year  1902  the  water  used  through  meters  in  the  national. 
State  and  county  buildings  in  the  District,  including  the  use  at  the 
Navy  Yard  and  the  Watertown  Arsenal,  Avas  equivalent  to  .58  of  a 
gallon  per  capita ;  and  the  quantity  supplied  through  meters  to  the 
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hospitals,  asylums,  jails  and  prisons  was  equivalent  to  .5  of  a  gallon 
per  capita.  In  Boston  the  water  supplied  to  the  public  institutions 
on  Deer,  Long,  Rainsford  and  Gallops  islands,  the  city  hospital,  the 
insane  asylum,  city  hall,  fire  engine  houses  atid  other  municipal 
buildings  is  not  metered,  neither  is  that  supplied  to  public  buiklings 
m  several  other  cities  and  towns.  This  unmetered  quantity  is  esti- 
mated at  1.5  gallons  per  capita  of  the  total  population. 

In  churches,  theatres,  clubs  and  public  halls  the  quantity  used  in 
1902  by  meter  measurement  was  equivalent  to  .4  of  a  gallon  per 
capita,  and  it  is  probable  that  at  least  .1  of  a  gallon  was  used  which 
was  not  metered,  making  the  use  for  these  purposes  .5  of  a  gallon 
per  ca})ita  per  day. 

The  total  for  pulilic  buildings  is  as  follows  :  — 

Gallons. 

Schools, 70 

National,  State  and  count}^  buildings,  metered, 58 

Hospitals,  asylums  and  jails,  metered, 50 

Churches,  theatres  and  clubs,  metered 40 

Public  buildings,  other  than  schools,  unmetered,  ....       1.60 

Total  for  public  buildings, 3.78 

Puhlic  Fountains. 

The  estimated  quantity  of  water  used  l)y  139  public  drinking 
fountains,  which  are  located  in  the  several  cities  and  towns  sujjplied 
by  the  Metropolitan  Works,  averages  664,640  gallons  per  day, 
equivalent  to  .74  of  a  gallon  per  capita  of  the  population  supplied. 

The  following  table  (No.  10)  shows  the  estimated  quantities  used 
in  the  several  cities  and  towns  :  — 

Table  No.   10. 


Number  of 

Public 

Drinking 

Estimated 
Daily  Average 

Number  of 

Public 
Drinking 

Estimated 
Daily  Average 

City  or  Town. 

yuautity 

used 
(Gallons). 

OiTr  OK  Town. 

Quantity 

used 
(Gallons). 

Fountains. 

Fountains. 

Arlington,     . 

4 

10,120 

Nahant,       . 

3 

9,030 

Belmont, 

•2 

11,2.30 

Quincy, 

9 

34,060 

Boston, 

62 

380,900 

Itevere, 

4 

16,040 

Ohelaeu, 

2 

17,240 

Somerville, 

6 

33,410 

Everett, 

^ 

16,670 

Stonebam,  . 

1 

1,560 

Lexington,    . 

3 

10,490 

Bwampscolt, 

4 

11,810 

Maiden, 

U 

48,460 

Watertown, 

4 

5.500 

Medford,       . 

10 

32,280 

Winthrop,  . 

4 

13,770 

Melrose,        . 

4 



Milton 

3 

3,260 

Total,    . 

139 

664,640 
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In  the  greater  proportion  of  the  drinking  fountains  the  water  runs 
continuously,  and  it  follows  that  the  greater  ])art  of  the  water  is 
wasted.  The  average  use  in  18  fountains  of  tliis  class  in  Boston, 
as  determined  by  measurement,  was  14,000  gallons  per  day  each. 
Thirty-three  of  the  drinking  fountains  for  animals  used  in  Boston 
are  so  arranged  that  during  the  six  summer  months  the  flow  into  the 
trough  is  controlled  l)y  an  automatic  valve,  and  no  water  is  w^asted  ; 
during  the  winter  season  the  flow  is  continuous.  Meters  attached 
to  two  of  these  fountains  showed  that  the  use  during  the  summer 
was  at  the  rate  of  1,250  gallons  per  day,  and  during  the  winter,  when 
less  water  is  needed,  6,250  gallons,  or  five  times  the  summer  use. 

In  the  city  of  Boston  there  are  20  ornamental  playing  fountains, 
located  on  the  Common,  publtc  gardens  and  public  squares,  nearly 
all  of  which  are  allowed  to  run  continuously  during  six  months  of 
the  year.  The  quantity  discharged  by  these  fountains  has  been 
measured  where  practicable,  and  the  total  quantitj'  is  estimated  to 
be  237,000  gallons  per  day  for  six  months,  equivalent  to  .2  of  a 
gallon  per  capita  for  the  whole  year.  The  combined  use  for  drink- 
ing and  ornamental  fountains  is  about  1  gallon  per  capita  per  day. 

Street  Sjjrmklmg. 
For  sprinkling  streets  throughout  the  Metropolitan   District   in 
the  year  1901  the  quantity  used  is  estimated  to  have  l)een   nearly 
700,000,000  gallons,  equivalent  to  2.13  gallons  per  capita  per  day 
for  the  vear. 
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Table  No.   11. — Water  used  for  sprinklinri  Streets  in  the  Metropolitan 
District,  1901. 


City 
OR  Town. 


Total 
Gallons. 


Gallons 
per  Square 
Yard  of 
watered 
Street, 
per  Year. 


Gallons 
per  Capita 
per  Day. 


Averasie 
Width 
(Feet). 


Length  of 
Street 
watered 

(Miles). 


Basis  of  Estimates. 


Arlington, 
Belmont,  . 


Chelsea,  . 
Everett,    . 

Maiden,  . 
Medford,  . 

Melrose,   . 

Milton,  . 
Nahant,  . 
Quincy,     . 

Revere,  . 
Somerville, 
Stoneham, 
Swampscott, 

Watertown, 
Winthrop,- 


6,960,000 

2,250,000 
492,046,200 
14,198,600 
18,214,800 

23,664,900 
23,795,900 

10,000,000 

14,559,900 
3,784,000 
12,960,000 

3,942,500 
45,780,300 
1,400,000 
6,292,800 

13,450.000 
5,900,600 


699,200,500 


44.1 

18.8 
'51.0 
42.9 
44.9 

54.0 
51.5 


27.5 
21.6 
57.0 

19.7 
60.5 


51.6 
19.2 


35.0 

30.0 
'31.9 

27.0 
28.8 

31.1 

28.2 

27.0 

21.2 
24.0 
26.0 

31.4 
24.3 
37.5 

28.4 

39.3 


42.57 
12.45 
14.90 

10.88 
53.02 
2.00 
10.26 

11.33 

20.28 


Estimated  by  town  en- 
gineer and  superin- 
tendent of  streets. 

Estimated  by  superin- 
tendent of  streets. 

Record  kept  by  cart- 
loads. 

Record  kept  by  cart- 
loads. 

Estimated  by  superin- 
tendent of  Board  of 
Public  Works. 

Record  kept  by  cart- 
loads. 

Estimated  from  data 
furnished  by  street 
department 

Estimated  by  superin- 
tendent of  Public 
Works. 

All  metered  at  stand- 
pipes. 

Estimated  by  superin- 
tendent of  streets. 

Estimated  by  commis- 
sioner of  Public 
Works. 

Record  kept  by  cart- 
loads. 

Estimated  by  street 
department. 

Estimated  by  water 
department. 

Estimated  by  superin- 
tendent of  Water 
Works. 

Estimated  by  superin- 
tendent of  streets. 

Record  kept  by  cart- 
loads. 


Total  square  yards,  13,754,700. 


*  Length  of  sprinkled  roadways  in  Boston  park  system  not  known,  and  so  not  included  with  these 
figures.  The  amount  of  water  used  for  this  purpose  was  37,500,000  gallons,  and  this  is  included  in 
the  other  two  columns. 


The  quantity  used  in  the  several  nuinieipalities  has  been  deter- 
mined from  the  best  data  obtainal)le.  In  the  town  of  Milton  the 
water  was  measured  by  meter  at  each  standpipe  ;  in  Boston,  Chelsea, 
Maiden,  Revere  and  Winthrop  a  record  was  kept  of  the  number  of 
loads  used  and  the  capacity  of  the  carts  ;  in  other  municipalities  the 
quantity  used  has  been  estimated  by  the  department  officials  ;  and, 
while  there  are  doul)tless  inaccuracies  in  some  of  the  items,  it  is 
thought  that  the  total  is  fairly  correct. 
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FlusJiiiKj  Water  Pipes  and  Sewers  and  extitir/uishinr/  Fires. 

Veiy  little  inforuiation  is  availal)le  from  which  to  estimate  the 
quantity  used  for  flushing  water  pipes  and  sewers  and  extinguishing 
fires.  Although  large  quantities  of  water  are  at  times  drawn  from 
the  pipes  for  extinguishing  fires  and  for  flushing  water  pipes,  the 
use  continues  for  but  a  short  time,  and  the  total  use  during  the  year 
is  comparatively  small ;  the  per  capita  yearly  use  proba])ly  does  not 
exceed  .20  of  a  gallon. 

The  quantity  required  for  [)ul)lic  })urposes  may  be  summarized  as 
follows  :  — 

Gallons 
per  Capita. 

Public  buildings, 3.78 

Drinking  and  ornamental  fountains, 1.00 

Street  sprinkling, 2.13 

Flushing  water  pipes  and  sewers  and  extinguishing  fires,       .  .20 

7.11 

Quantity  actually  needed  for  All  Purposes. 
From  the  preceding  statements  the  total  quantity  actually  required 
for  legitimate  use  in  the  Metropolitan  Water  District  at  the  present 
time  is  shown  to  be  less  than  60  gallons  per  inhal)itant  per  day, 
divided  as  follows  :  — 

Gallons. 

Domestic  use, 25.0 

Manufacturing,  mechanical  and  ti-ade  use,         .         .         .         .23.5 
Public  use, 7.0 

55.5 
Quantity  of  Water  wasted. 

If,  as  has  been  stated,  the  actual  requirements  for  domestic,  manu- 
facturing, trade  and  public  purposes  in  the  Metropolitan  District  do 
not  exceed  60  gallons  per  inhabitant,  while  the  total  supplied  to  the 
District  is  nearly  120  gallons,  it  is  evident  that  one-half  of  the  water 
furnished  must  be  wasted  either  from  the  street  mains  and  service 
pipes,  or  from  the  water  fixtures  and  piping  on  the  premises  of  the 
water  takers.  A  strong  proof  of  the  existence  of  waste  is  shown 
by  measurements  of  the  water  used  between  1  and  4  a.m.,  when  the 
legitimate  use  of  water  is  at  its  minimum. 

The  following  table  (No.  12)  gives  the  results  of  continuous 
measurements  of  the  water  used  in  each  of  the  cities  and  towns  sup- 
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plied  l)y  the  Metropolitan  Works  for  the  period  of  six  months,  from 
June  28,  1903,  to  January  2,  1904,  and  shows  not  only  the  daily 
average  quantity  used,  but  also  the  rate  of  use  between  the  hours 
of  1  and  4  a.m.  :  — 

Table  No.  12. — Daily  Average  (24  Hours)  and  Night  Rate  of  Con- 
smnption  from  Metropolitan  Works^  June  28,  1903,  to  January  2, 
1904. 


City  or  Town. 

Service. 

Estimated 

Pop. 

uiation. 

Average 

Daily 
Consump- 
tion 
(Gallons). 

Average 

Daily 

per  Capita 

(Gallons). 

Average 
Night  Rate 
1  to  4  A.M. 

(Gallons 

24  Hours). 

Night 
Rate  per 

Capita 
((Jallons 

24  Hours). 

Arlington, 

(High, 
}  Low, 
^  Total, 

3,005 
6,840 
9,845 

252,000 
367,000 
619,000 

84 
54 
63 

*  200,000 

*  225,000 
426,000 

67 
33 
43 

Belmont, 

High, 

4,875 

228,000 

47 

111,000 

23 

Boston 

(High, 
{  Low, 
(Total, 

199,750 
402,425 
602,175 

24,763,000 
53,465,000 
78,228,000 

124 

133 
130 

17,259,000 
37,846,000 
55,105,000 

94 
92 

Chelsea, 

(  High, 

Low, 

(  Total. 

7,480 
28,645 
36,125 

537,000 
2,862,000 
3,399,000 

72 
100 
94 

352,000 
2,005,000 
2,357,000 

47 

Everett, 

(  Higb, 
{  Low, 
(  Total, 

7,255 
21,195 
28,450 

370,000 
1,937,000 
2,307,000 

51 
91 
81 

220,000 
1,332,000 
1,552,000 

30 
63 
55 

Lexington, 

High, 

3,600 

243,000 

68 

*  135,000 

38 

Maiden, 

\  Low  ' 
(  Toul, 

8,965 
28,320 
37,315 

493,000 
1,271,000 
1,764,000 

55 
45 

47 

278,000 
647,000 
925,000 

31 
23 
25 

Medford, 

t  High, 
{  Low, 
(  Total, 

4,030 
17,005 
21,035 

454,000 
1,200,000 
1,654,000 

113 
71 

78 

318,000 
680,000 
998,000 

79 
40 

48 

Melrose, 

High, 

14,015 

1,395,000 

100 

1,000,000 

71 

Milton 

High, 

7,475 

325,000 

44 

115,000 

15 

Nahant, 

High, 

t  2,555 

158,000 

62 

*  50,000 

20 

Quincy-s 

High. 

27,135 

2,415,000 

89 

1,554,000 

57 

Revere, 

High, 

13,165 

796,000 

60 

494,000 

38 

Somerville 

(High, 
{  Low, 
(  Total, 

15,985 
52,325 
68,310 

1,152,000 
4,448,000 
5,600,000 

72 
85 
82 

605,000 
2.811,000 
3,416,000 

38 
64 
50 

Stoneham 

High, 

6,400 

467,000 

73 

322,000 

50 

Swampscott 

High. 

t  6,380 

527,000 

83 

*  260,000 

41 

Watertown 

High, 

10,950 

532,000 

49 

217,000 

20 

Winthrop, 

High, 

i  High. 
/  Low, 

7.485 

668,000 

89 

414,000 

55 

District  totals,     .        .     '  . 

350,535 
556,755 

35.775,000 
65,550,000 

102 
118 

23,904,000 
45,546,000 

68 
82 

Totals, 

907,290 

101,325,000 

112 

69,450,000 

77 

t  Allowance  made  for  transient  population  during  summer  months. 
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It  will  l>e  noticed  that  both  the  daily  per  capita  and  night  rates  of 
consumption  vary  widely  in  different  districts,  even  where  the  takers 
are  of  the  same  general  class.  Where  the  rate  for  twenty-four  hours 
is  large,  the  night  rate  is  in  almost  every  case  excessive.  It  is  also 
noticeable  that  the  lowest  rates  of  consumption  are  to  be  found  in 
those  districts  where  water  meters  are  in  general  use.  Take,  for 
example,  the  rates  of  consumption  during  the  night  in  Milton, 
Watertown,  Belmont  and  Maiden,  as  compared  with  those  in  Med- 
ford,  Melrose,  Winthrop  and  the  high-service  districts  of  Brighton 
and  Chelsea.  The  population  of  each  of  these  groups  is  about 
60,000.  They  are  districts  in  which  the  manufacturing  use  is  very 
small,  and  there  appears  to  be  no  good  reason  why  the  legitimate 
use  of  water  between  the  hours  of  1  and  4  a.m.  should  not  ])e  very 
small  in  every  case.  In  the  first  group  the  rate  varies  from  13.4  to 
25.5  gallons  })er  capita,  with  an  average  of  18  gallons;  while  in  the 
second  group  it  varies  from  43  to  71.4  gallons,  with  an  average 
of  58.3  gallons.  The  difference  ])etween  18  and  58  gallons  is  un- 
questionably preventable  waste. 

In  districts  where  the  use  for  manufacturing,  mechanical  and  trade 
purposes  is  large,  the  legitimate  use  during  the  night  is  in  some 
instances  also  large.  Water  is  used  in  considerable  quantities 
during  the  night,  as  well  as  the  day,  in  electric  light  and  power 
stations,  gas  works,  hotels  and  large  institutions.  For  example,  at 
the  New  England  Gas  and  Coke  Works  in  Everett  water  is  used 
between  the  hours  of  1  and  4  a.m.  at  the  rate  of  500,000  gallons 
per  day,  which  is  equivalent  to  18.5  gallons  per  capita  per  day  for 
the  entire  population  of  the  city.  This,  however,  is  an  exceptional 
case.  Considering  the  whole  Metropolitan  District,  the  legitimate 
draft  during  the  night  is  very  small,  when  compared  with  .77  gallons 
per  capita,  which  was  the  average  minimum  rate  during  the  last  six 
months  of  the  year  1903.  Nearly  all  of  the  water  used  for  manu- 
facturing, mechanical  and  trade  purposes  is  metered,  and  the  total 
is  but  23.5  gallons  per  capita,  of  which  the  greater  part  must  be 
used  during  the  day.  It  is  not  probable  that  the  legitimate  use  for 
all  purposes  during  the  hours  of  minimum  consumption  is  more  than 
17  gallons  per  capita,  in  which  case  the  difference  between  77  gallons 
drawn  from  the  pipes  and  17  gallons  used,  or  60  gallons,  must  be 
wasted.     This  amount  agrees  very  closely  with  the  amount  obtained 
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by  subtracting  the  total  quantity  estimated  as  actually  required  for  all 
purposes  in  the  Metropolitan  District  from  the  total  quantity  used. 

Diagram  No.  1  shows  graphically  the  comparative  volume  of  water 
used  and  wasted^in  the  several  municipalities,  the  cities  and  towns 
being"]arranged  in  order  of  per  capita  use.  The  unshaded  areas  at 
the  top  of  the  diagram  show  the  estimated  volume  legitimately  used, 
and  the  shaded  areas  at  the  bottom  of  the  diagram  the  volume  wasted. 
The  dotted  lines  show  the  minimum  rate  of  use,  and  the  areas  between 
the  dotted  lines  and  the  shaded  areas  show  the  estimated  use  during 
the  hours  of  mininumi  consumption. 

Diagram  No.  2  shows  the  rate  of  consumption  in  the  whole  district 
supplied  by  the  Metropolitan  Works  for  each  hour  during  three  weeks, 
as  measured  l)y  Venturi  meters.  During  the  week  ending  July  11, 
1903,  the  weather  was.  hot  and  dry,  especially  during  the  latter  part  of 
the  week  ;  during  the  week  ending  August  8  the  weather  was  compar- 
atively cool,  with  showers  and  little  sunshine ;  and  during  the  week 
ending  January  9,^1904,  was  extremely  cold.  On  Monday,  eTuly 
6,  .42  of  an  inch  of  rain  fell,  making  street  sprinkling  unnecessary 
until  Tuesday  afternoon.  For  this  reason  the  use  during  Monday, 
July  6,  was  very  nearly  the  same  as  on  Monday,  August  3.  During 
the  last  four  days  of  the  week  ending  July  11  the  maximum  tem- 
perature was  from  89  to  95  degrees,  and  a  large  amount  of  water 
was  used  for  sprinkling  streets  and  lawns.  The  consumption  for 
these  days  was  from  14,000,000  to  17,000,000  gallons  per  day  more 
than  during  the  corresponding  days  of  the  week  ending  August  8, 
when  frequent  showers  and  cool  weather  made  both  street  and  lawn 
sprinkling  unnecessary.  During  both  of  these  weeks  the  minimum 
rate  of  use  was  about  75  gallons  per  capita.  The  dotted  upper  line 
on  the  diagram  shows  the  use  during  a  week  of  very  cold  weather. 

Causes  of  Waste. 
AV^ater  is  wasted,  either  negligently  or  wilfully,  from  mains  and 
service  pipes  in  the  public  streets,  or  from  pipes  and  fixtures  on  the 
premises  of  the  water  takers. 

WaMe  from  Street  3Iains  and  Services. 
The  amount  wasted  from  the  street  mains  and  service  pipes    is 
a  much  larger  percentage  of  the  total  consumption  than    has  been 
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Diagram  showing  the  per  capita  quantity  of  water  used  and  wasted  in  the 
several   cities  and  towns  supplied  by  the  Metropolitan  Water  Works. 
Figures  followinoj  names  of  cities  and  towns  show  percentage  of  total  population  of  district 
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generally  estimated.  This  fact  is  proved  b}-  the  results  obtained 
where  water  sui)plied  to  individual  takers  is  measured,  and  can  be 
compared  with  the  total  quantity  supplied  to  the  city  or  town.  In 
the  Metropolitan  District  in  the  town  of  Milton  the  water  supplied 
to  every  taker  is  metered,  including  that  used  for  street  watering 
and  other  public  purposes.  In  Belmont  all  supplies  are  metered, 
and  a  careful  record  is  kept  of  the  numl)er  of  loads  of  water  used 
for  street  watering.  The  total  quantity  of  water  delivered  into  the 
pipes  of  each  town  has  been  measured  by  means  of  Venturi  meters, 
and,  if  the  meters  through  which  water  is  supplied  to  individual 
takers  record  accurately  the  water  passing  through  them,  the  difference 
between  the  quantity  recorded  l)y  the  local  meters  and  that  delivered 
into  the  pipes  of  the  town  must  represent  the  leakage  from  the 
street  mains  and  service  pipes. 

The  results  of  the  observations  made  in  these  towns  are  as  fol- 
lows :  — 


Gallons  per  Day. 

Percent. 

unac- 
counted 
for. 

Gallons  per 

TOWNS. 

Delivered 

into 
Pipes  of 
Town. 

Metered 

to 

Consumer. 

Unac- 
counted 
for. 

Day  un- 
accounted 
for  per 
Mile  of  Pipe. 

Milton,  April,  May,  June,     .... 
Milton,  July,  August,  September, 
Belmont,  March  15  to  May  15,      . 
Belmont,  May  15  to  September  15, 

325,100 
328,000 
171,500 
230,500 

216,300 
199,100 
135,300 
145,000 

108,800 
128,900 
36,200 
85,500 

33.5 
39.3 
21.1 
37.1 

3,110 
3,680 
2,130 
4,780 

In  both  of  these  towns  meters  have  been  used  but  a  few  years, 
and  it  does  not  seem  probal)le  that  the  loss  in  registration  of  the 
meters  can  be  more  than  2  or  3  per  cent. 

Similar  results  have  been  obtained  in  every  city  and  town  where 
the  water  supply  to  individual  takers  has  been  metered.  In  the 
following  cities  and  towns  meters  are  in  use  on  all  or  a  very  large 
percentage  of  the  services,  but  in  every  case  a  large  percentage  of 
the  water  delivered  into  the  mains  from  the  reservoir  or  pumps  is 
unaccounted  for  by  the  meters. 
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Table  No.   18. 


CITY 

Delivered  into  Mains. 

Metered  to  Consum- 
ers, OR  OTHERWISE 
[          ACCOUNTED  FOR. 

Per  Cent. 

un- 
accounted 

for. 

Gallons 
per  Day 
un- 
accounted 
for  per 

Mile 
of  Pipe. 

OR   TOWN. 

Percent, 
of  Taps 
metered. 

Daily 
Average 
(Gallons). 

Gallons 

per 

Consumer. 

Gallons. 

Gallons 

per 

Consumer. 

Brockton,    . 

90.0 

1,362,470 

36.0 

902,120 

22.0 

32.3 

6,200 

Ware, 

100.0 

338,160 

44.0 

203,430 

26.5 

39.8 

11,200 

Worcester, . 

94.5 

8,094,840 

68.0 

4,331,030 

39.0 

46.5 

20,800 

Wellesley,  . 

100.0 

257,000 

50.0 

i         150,000 

29.0 

41.5 

3,450 

Yonkers,  N.   Y., 

100.0 

4,540,900 

89.0 

2,463,490 

42.7 

45.7 

23,340 

Fall  River,  . 

96.0 

4,365,060 

40.5 

!      3,430,300 

32.0 

21.5 

10,000 

Wooneocket,  R.I. 

86.7 

989,420 

28.6 

1         762,380 

22.0 

23.0 

4,370 

In  Belmont  and  ]\Iilton  the  quantity  unaccounted  for  by  the  house 
meters  varied  from  2,130  to  4,780  gallons  per  mile  of  pipe  per  day, 
while  in  the  cities  and  towns  given  in  the  above  table  the  corre- 
sponding quantities  vary  from  3,450  to  over  23,000  gallons.  It  is 
possible  that  in  some  instances  the  quantity  delivered  into  the  mains 
is  overestimated,  but  there  is  no  doubt  that  in  the  majority  of  cities 
there  is  a  large  leakage  from  mains  and  services.  The  opportunities 
for  leakage  from  pipes  buried  underground  are  great,  and  the 
chances  for  their  discovery  are  in  most  cases  comparatively  small. 
In  the  Metropolitan  Water  District  there  are  1,457  miles  of  pipes, 
on  which  there  are  750,000  leaded  joints  from  which  leakage  may 
occur.  Leaks  of  considerable  magnitude  often  remain  undiscovered 
for  months,  the  water  escaping  into  the  ground  or  into  a  l)rook  or 
sewer.  Several  years  ago,  while  Deacon  waste-water  meters  were 
being  used  in  Boston  to  detect  leaks,  several  4-inch  and  6-inch  cast- 
iron  pipes  were  found  broken,  from  which  the  Avater  was  escaping 
unseen  into  the  sewers.  In  a  numl^er  of  instances  this  leakage  was 
at  the  rate  of  24,000  gallons  i)er  day,  and  in  one  instance  100,000 
gallons  per  day  were  found  to  be  running  into  a  sewer  from  a  6-inch 
pipe  which  was  broken  entirely  off. 

A  very  forcible  illustration  of  this  source  of  waste  has  been  fur- 
nished in  the  town  of  Stoneham.  _  During  the  first  six  months  of  the 
year  1902  a])out  800,000  gallons  per  day  were  supplied  to  the  town. 
As  this  (|uantity  appeared  larger  than  was  needed  for  legitimate  use, 
an  investigation  was  instituted  for  the  pur[)ose  of  learning  where  the 
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Avater  was  used,  with  the  result  that  four  leaks  in  the  street  mains 
were  found,  which  gave  no  surface  indications.  After  these  were 
repaired  the  consum[)tion  of  water  fell  to  330,000  gallons  per  day, 
indicating  that  470,000  gallons  per  day  had  l)een  wasting  from  a  few 
unseen  defective  pipes. 

On  the  Boston  works  several  large  leaks  in  mains  and  service 
pipes  have  been  discovered  during  the  past  year  by  means  of  the 
Deacon  waste-water  meters.  The  aggregate  waste  from  eight  of 
these  was  about  27,000  gallons  per  hour,  equivalent  to  648,000 
gallons  per  day.  In  Arlington,  Chelsea  and  Medford  leaks  from 
defective  joints  in  the  street  mains  have  been  discovered  from  which 
water  was  wasting  at  rates  of  from  1,000  to  2,000  gallons  per  hour, 
without  any  indications  being  given  on  the  surface. 

Tests  have  been  made  in  Melrose  to  determine  the  amount  of 
water  leaking  from  the  mains  and  services,  by  measuring  with  a 
meter  the  rate  of  flow  into  the  pipe  supplying  certain  streets  while 
all  the  stop  cocks  on  the  house  services  were  closed.  These  tests 
were  made  during  the  night,  when  the  legitimate  use  was  very 
small.     The  result  of  these  measurements  was  as  follows  :  — 

Table  No.   14. 


Length  of  Main 

Size 
(Inches). 

Number 

of 
Service 
Pipes. 

Leakage 
from  Mains 

(Gallons 
per  Hour). 

Lealiage 

and  U^e  in 

Houses 

(Gallons 

per  Hour). 

1,000  feet 

6 

20 

1,035 

180 

600  feet 

6 

13 

250 

290 

1,000  feet, 

6 

22 

225 

70 

400  feet,  

6 

10 

675 

45 

500  feet,  ......... 

6 

9 

- 

25 

1,150  feet 

4 

21 

1,080 

270 

350  feet,  .        

- 

8 

- 

90 

700  feet, 

6 

14 

- 

180 

1,550  feet, 

6 

21 

180 

520 

1,000  feet,  

- 

22 

- 

270 

600  feet 

8 

12 

- 

180 

1,250  feet, 

14 

33 

45 

270 

The  total  leakage  from  less  than  2  miles  of  pipes  was  3,490 
gallons  per  hour,  or  at  the  rate  of  43,770  gallons  per  mile  of  pipe 
per  day. 
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If,  as  has  been  shown  by  numerous  examples,  from  50,000  to 
100,000  gallons  of  VA^ater  per  day  can  run  into  the  ground  continu- 
ously for  months  from  a  single  leak  in  a  main  or  service  pipe,  and 
give  no  indication  on  the  surface  of  the  ground,  it  is  reasonable  to 
conchide  that  there  are,  on  the  750,000  joints  in  the  street  mains 
and  the  150,000  service  pipes,  many  smaller  leaks,  which,  being 
smaller,  are  not  easilv  discovered,  but  which  in  the  aggregate  Avaste 
a  large  quantity  of  water.  Some  water  is  wasted  from  street  mains 
through  carelessness  in  the  manipulation  of  blow-off  gates  by  de- 
partment employes,  and  by  the  extravagant  use  of  water  for  flush- 
ing scAvers.  Several  years  ago  a  blow-off  valve  was  carelessly  left 
open  in  Boston,  and  water  ran  for  several  days  into  a  sewer  at  the 
rate  of  3,000,000  gallons  per  day.  In  flushing  water  pipes  and 
sewers  much  larger  quantities  are  often  used  than  are  necessary 
for  accomplishing  the  results  desired,  Init  it  is  not  thought  that  the 
aggregate  amount  Avasted  in  this  way  is  large. 

The  tests  Avhich  have  been  made  in  the  several  municit)alities  of 
the  Metropolitan  District  tend  to  show  that  the  leakage  from  the 
street  mains  and  services  is  very  large,  and  that  from  10,000  to 
15,000  gallons  per  mile  of  street  main  escape  each  day  into  the 
ground  or  into  some  underground  channel.  If  this  estimate  is 
correct,  the  total  leakage  from  the  mains  and  services  is  from 
15,000,000  to  22,500,000  gallons  per  day, —  equivalent  to  from 
16.5  to  25  gallons  per  inhal)itant. 

Waste  from  Pij)es  and  Fixtures  on.  Premises  of  Water  Takers. 

Waste  from  pipes  or  fixtures  on  premises  of  Avater  takers  is  due 
either  to  defective  plumbing  or  to  permitting  the  water  to  run  from 
open  fixtures,  either  negligently  or  Avilfully.  Where  the  amount 
paid  for  water  is  not  dependent  upon  the  quantity  of  water  used, 
the  average  water  taker  pays  little  attention  to  the  condition  of  the 
])lumbing  on  his  premises;  and,  so  long  as  the  leaking  fixtures 
cause  no  damage  to  his  property,  they  are  seldom  repaired  unless 
discovered  by  inspectors  of  the  Water  Department.  For  this  reason 
the  amount  of  Avaste  from  defective  fixtures  in  cities  where  meters 
are  not  used  depends  largely  upon  the  thoroughness  with  Avhich  the 
house-to-house  inspection  is  done  by  the  local  authorities. 

The  greatest  source  of  negligent  Avaste  from  defective  fixtures  is 
undoubtedly  the   ball   cock   Avhicli   controls   the   tioAV   of  water  into 
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tanks  supplying  water-closets  and  other  fixtures.  The  ball  cock 
seldom  remains  tight  more  than  a  few  months,  and  when  defective 
allows  a  constant  stream  of  water,  often  of  considerable  size,  to  flow 
unseen,  though  not  always  unheard,  to  the  sewer.  Although  the  ball 
cock  is  more  liable  than  any  other  plumbing  fixture  to  be  the  cause 
of  waste,  its  inspection  is  more  difficult  than  that  of  other  fixtures, 
the  tanks  being  generally  placed  in  inaccessible  places  in  buildings. 
Unless  the  inspection  is  very  thoroughly  performed,  the  greatest 
source  of  this  kind  of  waste  is  therefore  apt  to  be  overlooked. 
Nevertheless,  more  tank  fixtures  are  reported  defective  than  any 
other  class. 

The  following  figures,  taken  from  the  annual  reports  of  the  Boston 
Water  Department,  show  the  results  of  inspections  made  during  the 
past  seven  years  :  — 


1897. 

1898. 

1899. 

1900. 

1901. 

190S. 

1903. 

Number  of  fixtures  in  use. 

697,640 

617,721 

644,468 

653,189 

689,973 

698,803 

- 

Tank  fixtures  leaking, 

959 

7,110 

10,539 

6,035 

4,624 

6,160 

10,888 

Faucets  leaking 

521 

4,655 

7,995 

2,634 

1,963 

3,282 

5,086 

Water-closets  leaking, 

- 

1,080 

4,887 

1.091 

199 

223 

294 

Pipes  leaking 

120 

413 

1,179 

362 

249 

268 

426 

Wilful  waste 

2 

164 

113 

42 

22 

67 

5 

The  difierences  between  the  number  of  leaks  reported  in  difi'erent 
years  are  probably  due  to  differences  in  the  thoroughness  of  the 
inspection,  rather  than  to  the  condition  of  the  plumbing. 

The  results  of  inspections  in  several  other  cities  and  towns  are 
given  as  follows  :  — 


Taps,  Sinks,  Bowls, 
Baths  and  Wash  Tbats. 

Water-closets  and 
Tanks. 

CITY  OR  TOWN. 

Number  in 
use. 

Number 
found 
leaking. 

Number  in 
use. 

Number 

found 
leaking. 

Chelsea 

Everett 

Revere 

Somerville, 

Winthrop 

23,232 
22,680 
8,104 

6,803 

1,006 
548 
126 

757 
69 

8,813 
6,368 
2,642 

2,296 

1,872 
1,138 

579 
1,404 

101 

136 
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To  a  greater  degree  than  in  the  case  of  the  street  mains  does  the 
leakage  from  Avater  fixtures  take  })hice  from  a  very  large  number  of 
small  openings  which  permit  of  a  constant  flow.  Few  people  realize 
that  sutEcient  water  will  flow,  in  tvventy-four  hours,  through  an 
orifice  of  no  greater  diameter  than  an  ordinary  lead  pencil,  under 
the  average  pressure  which  exists  in  the  pipes  throughout  the  JNIet- 
ropolitan  District,  to  furnish  an  am})le  domestic  supply  for  360  per- 
sons ;  and  that  in  the  same  time  more  water  will  leak  through  an 
orifice  the  size  of  an  ordinary  pin  than  would  be  used  by  a  fairly 
economical  family  of  five  persons.  It  is  the  continual  running  of 
thousands  of  little  streams  which  causes  the  greater  part  of  waste  on 
the  premises  of  the  water  takers. 

Wilful  Waste. 
During  the  winter  season  large  quantities  of  water  are  drawn 
from  the  pipes  by  water  takers  for  the  purpose  of  preventing  the 
freezing  of  water  in  the  house  piping  ;  and  throughout  the  year  fau- 
cets and  water-closet  fixtures  are  left  or  fastened  open  by  w^ater 
takers  for  the  purpose  of  flushing  water-closets  and  drain  pipes,  or 
in  order  that  the  water  at  the  faucet  may  be  constantly  kept  cool. 
The  legitimate  use  of  water  is  no  larger  during  the  winter  season 
than  during  the  months  of  November  and  April,  but  the  actual  use 
in  the  Metropolitan  District  is  much  larger  during  cold  weather  than 
during  any  other  season  of  the  year. 

.  The  average  use  for  the  months  of  November  and  April,  compared 
with  the  use  during  intervening  months  for  the  past  three  years, 
was  as  follows  :  — 


, 

Daily  Average  (Gallons). 

Difference  wasted 

to  prevent  freezing 

of  Water  in 

Pipes 

(Gallons  per  Day). 

Daily  Number  of 

Gallons  per 

Capita  wasted 

(Yearly  Average). 

YEAR. 

Novcmbpr  and 
April. 

December,  Janu- 
ary, February  and 
March. 

1900-01,      . 

1901-02,      . 
1902-03,      . 

90,322,000 
99,317,000 
104,950,000 

104,878,000 
111,417,000 
121,589,000 

14,556,000 
12,100,000 
16,639,000 

5.74 
4.61 
6.16 

In  the  cities  where  meters  are  in  general  use,  waste  of  this  char- 
acter does  not  occur  to  any  great  extent,  as  each  property  owner  is 
pecuniarily  interested  so  to  arrange  the  p]uml)ing  in  his  buildings 
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that  it  does  not  become  necessary  to  allow  water  to  run  in  order  to 
prevent  it  from  freezing. 

In  the  district  supplied  ])y  the  Metropolitan  Works  the  use  of 
water  during  the  winter  months  is  much  larger  than  at  any  other 
season  of  the  year ;  while  in  the  city  of  Xewton,  where  meters  are  in 
general  use,  the  minimum  use  occurs  during  the  winter.  This  is 
illustrated  by  Diagram  No.  3. 

Diagram  No.  3 

Diagram  showing  percentage  o^  v/ariation  from  the  daily  average 
consumption  of  water  for  the  several  months  of  the  year  1902 
in  the  Metropolitan  District  and  in  the  City  of  Newton.  Mass 


The  etfect  of  cold  weather  upon  the  use  of  water  is  illustrated 
very  forcibly  on  Diagram  No.   2,  on  which  is  shown  the  rate  of 


138  CONSUMPTION    AND    AVASTE    OF    WATER. 

consumption  from  the  Metropolitan  Works  during  each  hour  of  the 
week  ending  January  9,  1904.  On  Tuesday  and  Wednesday,  which 
were  the  coldest  days  of  the  week,  the  consumption  was  about 
60,000,000  gallons  per  day  greater  than  during  corresponding  days 
in  the  month  of  August ;  and  the  lowest  rate  at  which  water  was 
drawn  from  the  pipes  during  the  night  was  150  gallons  per  capita, 
—  an  amount  greater  than  the  maxinmm  rate  of  use  during  the  cor- 
responding days  in  August. 

The  amount  wasted  during  extremely  cold  weather,  as  well  as  the 
effect  of  meters  in  controlling  waste,  is  very  forcibly  illustrated  by 
diagrams  Nos.  4,  5  and  6,  which  show  graphically  the  use  of  water 
in  Boston,  Chelsea  and  Maiden  on  January  5,  1904,  compared  with 
the  use  on  a  day  in  August,  1903.  The  cities  of  Maiden  and 
Chelsea  have  approximately  the  same  population.  Maiden  uses 
meters  on  69  per  cent,  of  its  service  pipes,  Chelsea  on  2  per  cent. 
The  per  capita  use  in  Maiden  on  August  4  was  41  gallons,  and  in 
Chelsea  88  gallons.  On  January  5,  1904,  when  the  average  tem- 
perature for  twenty-four  hours  was  2  degrees  below  zero,  the  per 
capita  use  in  Maiden  increased  to  57  gallons,  and  in  Chelsea  to  211 
gallons.  In  Maiden  the  increase  caused  by  cold  weather  was  about 
16  gallons  per  capita,  and  in  Chelsea  123  gallons.  Between  the 
hours  of  2  and  4  a.m.  on  January  5,  water  was  drawn  from  the  pipes 
in  Chelsea  at  the  rate  of  192  gallons  per  day  for  each  inhabitant  of 
the  city,  and  in  Boston  the  rate  during  the  same  hours  was  178 
gallons  per  capita. 

The  per  capita  waste  caused  by  running  water  to  prevent  its  freez- 
ing is  largest  in  those  districts  where  houses  are  of  the  cheaper  class, 
but  which  are  furnished  with  all  modern  conveniences  for  the  use  of 
water.  The  cold-weather  waste  during  the  week  ending  January  9, 
in  Chelsea,  Charlestown,  East  Boston  and  Somerville,  was  from  60 
to  100  gallons  per  capita;  while  in  Medford,  Melrose,  Arlington 
and  Quincy  it  ranged  from  15  to  20  gallons. 


„.  ,  Diaqram  Na4 

Diagram  showing  -^ 

Consumption   of  Water  in  the  City  of  Boston 

during    each  hour  of  the  day 

Aug  4, 1903  and  Jan.  5, 1904. 


599,000.  Per  cent  of  services  metered  5.27 

14,  61' F,  Jans,  -S'F 


Diagram    showing  D.agram  No.5 

Consumption  of  Water  in  the  City  of  Chelsea 
during  each  hour  of  the  day. 
Aug.  4, 1903  and  Jan.5,i904. 

Population  36,  ooa  Per  cent  of  services  metered  2 IZ 

Average  temperature  Aug.4,6rF.;  Jan. 5,  -2°F 


Diagram  Na  6 


Diagram   showing 

Consumption  of  Water  in  the  City  of  Maiden 

during  each  hour  of  the  day 

Aug.  4, 1903  and  Jan  5.1904 


Population  37,000 
Aven 


Per  cent  of  services  metered  69.S0 
'-4,  61° F ,  Jans,  -2°F 
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Diagram  No.   7  shows  the  consumption  of  water  in  the  city  of 
Boston  during  a  cold  i)eriod  in  February,  1903. 

Diagram  No.  7 

Diagram  showing  daily  quantity  of  water  used  and 
wasted  in  Metropolitan  Water  District.  Feb..  14  to  28. 1903. 


The  daily  average  consumption  of  water  previous  to  the  cokl 
w^eather  was  about  105,000,000  gallons  per  day.  On  February  18, 
155,500,000  gaUons  were  used,  of  which  50,500,000  gallons,  equiva- 
lent to  57  gallons  per  capita  of  the  entire  population  of  the  District, 
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were  wasted  for  the  purpose  of  preventing  the  freezing  of  service 
pipes  and  plumbing. 

It  is  the  practice  of  some  water  takers  to  allow  water  to  run  con- 
tinuously from  water-closets,  for  the  purpose  of  cleans.ng  house 
drains;  others  permit  the  water  to  run  from  the  kitchen  faucet,  in 
order  that  the  water  may  not  l.ecome  warm  in  the  pipes  and  some 
even  use  a  constant  stream  of  water,  instead  of  ice,  for  the  purpose 
of  preserving  food.  Some  water  is  wasted  by  each  of  these  methods, 
bu  they  are  sources  of  waste  which  are  not  easily  detected  by  house- 
to-house  inspection,  and  no  attempt  has  been  made  to  determine  the 
exact  amount  wasted  from  these  causes. 

Prevention  of  Waste. 
Much  waste  of  water  may  be  prevented  by  the  inspection  of  house 
plumbing,  and  this  method,  aided  by  the  use   of  Deacon  metei., 
Lomplished  good  results  for  several  years  in  the  city  of  Bo.ton. 
The  use  of  these  meters  and  the  work  of  inspection  were  begii,,  in 
1883,  and  in  1884  the  consumption  had  been  reduced  from  9   .5  gal- 
lons to  68  gallons  per  capita.     The  inspection  was  continued  about 
ten  years,  but  with  decreasing  diligence  ;  and  for  ten  years  previous 
to  1903  little  attention  was  given  to  the  prevention  of  waste,     in 
order  to  obtain  facts  as  to  the  present  condition  of  atiairs,  measure- 
ments of  the  consumption  during  the  night  have  been  made  by   he 
Boston  Water  Department  during  the  past  year   ni    some  o     he 
residential  districts  of  the  city  by  the  use  of  the  Deacon  met  is 
and  where  the  measurements  indicated  a  large  waste  of  water,  eiloi  s 
have  been  made  to  locate  and  prevent  the  same.     The  nieasuremen  s 
were  made  between  the  hours  of  1  and  4  ...m.,  when  the  legitimate 
use  in  residential  districts  is  least.  ,.  ^  •  .  ■ 

The  Deacon  meters  were  first  used  in  the  Charlestown  district  m 
1881  and  in  Table  No.  15  the  results  of  measurements  made  at  that 
timeae  .iven,  also  other  measurements  made  in  1893,  about  he 
TZ  Z^  inspection  was  stopped,  as  well  as  those  made  during 
the  present  year. 
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Table  No.   15. 


Population  of  District. 

Night  Rate  or  Waste  (Gallons  per  Capita  per  Day). 

1881. 

1893. 

1903. 

Before 

Inspection, 

1881. 

After 

Inspection, 

1881. 

1893. 

1903. 

3,675 

4,700 

4,725 

39.0 

13.7 

24.8 

52.8 

2.170 

2,925 

2,975 

33.1 

13.2 

23.8 

52.2 

1,875 

2,325 

2,425 

44.6 

15.1 

21.2 

63.3 

2,030 

3,125 

3,250 

43.2 

20.2 

40.0 

88.0 

1,880 

1,800 

1,800 

42.2 

22.3 

26.7 

70.6 

1,790 

2,150 

2,400 

53.3 

17.8 

27.9 

53.0 

2,540 

3,300 
20,325 

3,450 
21,025 

31.9 

19.2 

26.2 

55.7 

15,960 

41.8 

17.0 

27.3 

61.5 

^  There  has  been  very  little  change  in  the  character  of  the  popula- 
tion or^  of  the  plumbing  in  these  sections  during  the  twenty-two 
years  since  the  first  tests  were  made.  By  thorough  inspection  the 
waste  was  reduced  in  1881  from  41.8  to  17  gallons  per  capita. 
Between  1881  and  1893  the  inspection  was  le^ss  thoroughly  per- 
formed, and  the  waste  increased  to  27.3  gallons.  Since  1895  very 
little  attempt  has  been  made  to  detect  and  prevent  waste,  with  the 
result  that  the  night  rate  has  increased  to  61.5  gallons  per  capita. 
The  increase  in  waste  in  other  sections  of  the  city  of  Boston  dur- 
ing the  past  four  years  is  shown  in  Talile  No.  16:  — 

Table  No.   16. 


DISTRICT. 

Section. 

Population. 

j  Rate  op  Use  between  1 
AND  4  A.M.  (Gallons 
per  Capita  per  Day). 

1899. 

1903. 

1899. 

1903.    Increase. 

Roxbury, 

Walnut  Avenue,  Section  1,  . 

2,100 

2,150 

42.2 

81.5 

39.3 

Roxbury, 

Walnut  Avenue,  Section  2,  . 

2,200 

2,200 

31.7 

73.1 

41.4 

Roxbury, 

Walnut  Avenue,  Section  3,  . 

2,600 

2,700 

38.4 

48.0 

9.6 

Roxbury, 

Walnut  Avenue,  Section  4,  . 

1,400 

1,500 

58.3 

116.8 

58.5 

Roxbury, 

Warren  Street,  No.  1,  Section  1, 

2,150 

2,150 

88.8 

84.8 

-4.0 

Roxbury, 
Roxbury, 

Warren  Street,  No.  1,  Section  2, 
Warren  Street,  No.  1,  Section  3, 

1,100 
2,000 

1,100 
2,000 

30.5 
30.0 

43.6 

13.1 

32.4 

Roxbury, 

Warren  Street,  No.  2,  Section  1, 

2,550 

2,650 

52.7 

56.2 

3.5 

Roxbury, 

Warren  Street,  No.  2,  Section  2, 

2,800 

2,800 

54.0 

65.1 

11.1 
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Table  No.   16  —  Concluded. 


DISTRICT. 

Section. 

Population. 

Rate  of  Use  between  1 
AND  4  A.M.  (Gallons 
PER  Capita  per  Day). 

1899. 

1903. 

1899. 

1903. 

Increase. 

Roxbury, 

Warren  Street,  No.  2,  Section  3, 

1,650 

1,400 

31.3 

82.3 

51.0 

Roxbuiy, 

Cedar  Street,  Section  1,        .        . 

2,100 

2,150 

40.0 

82.6 

42.6 

Roxbury, 

Cedar  Street,  Section  2, 

2,250 

2,400 

37.8 

79.0 

41.2 

Roxbury, 

Cedar  Street,  Section  3, 

2,400 

2,450 

51.5 

58.8 

7.3 

Roxbury, 

Cedar  Street,  Section  4, 

2,500 

2,250 

32.6 

66.1 

33.5 

Roxbury, 

Lamartine  Street,  Section  1, 

2,700 

2,700 

41.8 

106.7 

64.9 

West  Roxbury, 

Spring  Park  Avenue,  Section  1,  . 

3,950 

4,175 

27.9 

50.0 

22.1 

West  Roxbury,     . 

Spring  Park  Avenue,  Section  2,  . 

1,800 

1,900 

60.0 

53.0 

-7.0 

West  Roxbury,     . 

Burroughs  Street,  Section  1, 

1,200 

1,450 

55.0 

72.7 

17.7 

West  Roxbury,      . 

Burroughs  Street,  Section  3, 

650 

750 

59.0 

54.4 

-4.6 

City  proper,   . 

Bowdoin  Street,  Section  1,  . 

1,600 

1,550 

76.5 

102.2 

25.7 

City  proper,  . 

Bowdoin  Street,  Section  2,  . 

2,400 

2,700 

58.0 

97.8 

39.8 

City  proper,  . 

Joy  Street,  Section  1,   . 

2,500 

2,850 

28.3 

26.0 

-2.3 

City  proper,  . 

-Toy  Street,  Section  2,    . 

2,000 

5,000 

58.8 

69.6 

10.8 

South  Boston, 

Fifth  Street,  Sections  1  and  2,      . 

5,600 

5,700 

41.7 

61.0 

19.3 

54,200 

58,675 

- 

- 

- 

It  is  very  evident,  from  an  inspection  of  the  above  tables,  that  at 
the  present  time  a  very  large  quantity  of  water  is  being  wasted,  and 
that  any  system  of  house-to-house  inspection  must  be  continuous  in 
order  to  be  effective.  House-to-house  inspection  is  open  to  the 
.objection  that  the  constant  visits  of  inspectors  are  annoying  to  the 
householders. 

While  these  investigations  were  in  progress,  several  large  leaks 
were  located  from  the  street  mains  and  services  ;  and  house-to-house 
inspection  on  streets  where  much  waste  was  noted  disclosed  in  some 
cases  that  the  house  plumbing  was  in  very  poor  condition.  On  one 
street,  Avhere  the  night  rate  was  5,200  gallons  per  hour,  the  inspec- 
tion disclosed  ball  cocks  wide  open,  and  every  faucet  in  three  houses 
running  large  streams,  the  washers  ])eing  entirely  gone.  On  another 
street,  in  fifteen  out  of  sixteen  houses  examined,  the  ball  cocks  were 
defective,  and  wasting  large  streams  of  water. 

In  addition  to  the  large  leaks  which  were  located  in  the  street 
mains  kncl  service  pipes,  there  are  no  doubt  many  smaller  leaks  still 
undiscovered  ;  ])ut  the  inspection  ))rovcd  that  the  house  pluml)ing  is 
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very  defective,  and  the  greater  part  of  the  present  enormous  waste 
in  Boston  is  probably  due  to  waste  on  the  premises  of  the  water 
takers. 

Effect  of  using  Meters. 
The  most  certain  means  of  detecting  waste,  and  the  most  effectual 
means  of  preventing  the  extravagant  use  and  waste  of  water,  is  that 
of  measuring  the  water  sui^fflied  to  each  municipality,  district  or 
individual  loater  taker,  and  obliging  each  municipality  and  individual 
to  pay  for  water  in  proportion  to  the  quantify  used.  Where  meters 
are  in  use,  each  water  taker  finds  it  to  be  for  his  interest  to  see  that 
the  phimbing  fixtures  which  he  uses  are  of  the  best  quality,  and  that 
they  are  kept  in  repair  ;  that  the  pipes  in  his  buildings  are  so  located 
that  they  will  not  freeze  during  cold  weather ;  and  that  his  family 
or  employes  are  not  wasteful  in  the  use  of  water.  The  introduction 
of  meters  upon  all  old  works  has  always  Ijeen  followed  by  a  reduc- 
tion in  the  quantity  of  water  used ;  and  in  cities  and  towns  where 
they  have  been  introduced  when  the  works  were  built,  the  per  capita 
consumption  is  universally  very  low.  The  effect  of  the  use  of 
meters  is  well  illustrated  by  a  comparison  between  the  per  capita 
consumption  of  water  in  cities  and  towns  where  meters  are  in  gen- 
eral use  with  that  in  those  where  water  is  paid  for  at  schedule  rates. 
Difterences  in  climate,  in  character  of  business  and  in  location,  as 
affecting  the  available  supply  of  water,  often  have  a  marked  effect 
upon  the  consumption  in  different  cities ;  but  in  the  following  table 
an  attempt  has  been  made  to  eliminate  these  differences,  as  far  as 
possible. 

Table  No.   17. 


Consurap. 

Number 

Percent. 

tion 

City 

of 

of 

(Gallons 

OR  Town. 

Consum- 
ers. 

Services 
metered. 

per  Day 
per  Con- 
sumer). 

Milwaukee,  Wis., 

308,000 

80.0 

81.0 

Providence,  R.  I., 

198,400 

84.5 

58.0 

Worcester,   . 

119,330 

94.5 

68.0 

Fall  River,    . 

107,650 

96.0 

41.0 

Lowell, 

100,000 

65.0 

57.0 

Lawrence,     . 

65,000 

83.0 

53.0 

Brockton,     . 

37,800 

90.0 

36.0 

Newton, 

35,400 

54.0 

Woonsocket.K.I., 

34,474 

96.0 

29.0 

Ware,    . 

7,690 

100.0 

44.0 

Wellesley,    . 

5,147 

100.0 

49.0 

Reading, 

4,385 

100.0 

38.0 

1,023,276 

- 

61.7 

CiTT 

OB  Town. 


Buffalo,  N.  y.,  . 
Indianapolis, Ind 
New  Haven,  Ct, 
New  Bedford, 
Cambridge, 
Haverhill,   . 
Lynn, . 
Waltham,   . 
Salem, 
Montague,  . 
Dedham,     . 
Braintree,  . 


Number 

of 
CoDsum- 

ers. 


360,000 
169,100 
108.000 
61,000 
94,150 
37,200 
74,000 
24,550 
36,250 
6,150 
7,500 
5,980 


Percent, 
of 

Services 
metered. 


2.0 
6.0 
2.6 
18.0 
15.0 
10.0 
25.0 
6.0 
3.0 
2.0 
2.0 
1.0 


Consump- 
tion 
(Gallons 
per  Day 
I)er  Con- 
sumer). 


324.0 
79.0 
150.0 
104.0 
85.0 
95.0 
63.0 
99.0 
79.0 

85.0 
91.0 

178.5 


144 


CONSUiAIPTION    AND    AVASTE    OF    WATER. 


In  the  first  four  columns  are  given  the  statistics  for  twelve  cities 
and  towns  w^liere  meters  are  in  general  use,  and  in  the  following 
columns  corresponding  data  for  an  equal  number  of  cities  and  towns 
of  approximately  equal  size  where  few  meters  are  used,  but  where 
the  conditions  as  regards  location  and  trade  are  generally  similar. 
The  average  per  capita  consumption  where  meters  are  used  is  but 
little  more  than  one-third  of  that  in  the  unmetered  cities. 

The  effect  of  the  use  of  meters  upon  the  consumption  of  water  is 
very  graphically  illustrated  by  Diagram  No.  8,  which  shows  the  daily 
numl^er  of  gallons  used  per  tap  in  the  city  of  Milwaukee,  and  the 
percentage  of  unmetered  taps  for  each  of  the  past  twenty-two  years. 

Diagram  No.  8 


Diagram  showing  consumption  per  tap  anci 
percentage  ot  taps  unmetereoiin  City  of  t^iiwauf<ee 
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It  will  be  noticed  that  there  has  be.en  a  gradual  reduction  in  the 
quantity  of  water  used  with  the  increase  in  the  use  of  meters. 
In  1880,  with  no   meters  in  use,  1,750  gallons  were   drawn  from 
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each  tap  :  in  1890,  with  about  one-third  of  the  taps  metered,  the 
quantity  drawn  from  each  was  only  1,250  gallons;  and  in  1902, 
with  72  per  cent,  metered,  the  quantity  used  per  tap  was  only  550 
gallons. 

During  the  past  two  years  the  Water  Department  in  the  city  of 
Cleveland  has  been  engaged  in  placing  meters  upon  service  pipes. 
At  the  end  of  the  year  1902,  11,099  meters  were  in  use  on  50,816 
services ;  and  the  daily  average  consumption  for  the  year  was 
69,964,740  gallons.  At  the  close  of  the  year  1903  the  number  of 
meters  had  been  increased  to  25,193;  and  the  daily  average  con- 
sumi)tion  for  the  year  was  62,012,000  gallons.  As  a  result  of  this 
work,  the  daily  average  consumption  for  the  year  1903  was  about 
8,000,000  gallons  per  day  less  than  in  1902,  and  the  greater  part  of 
this  reduction  was  no  doubt  due  to  the  meters  set  during  the 
previous  year. 

Effect  of  Meters  ujpon  the  Poor. 

The  fear  has  been  sometimes  expressed,  by  those  who  have  not 
given  the  subject  careful  study,  that  the  use  of  water  meters  will 
have  the  effect  of  reducing  the  use  of  water  by  the  poorer  class  of 
takers  Ijelow  an  amount  necessary  for  health.  The  experience  in 
the  cities  and  towns  using  meters  does  not  indicate  that  there  need 
be  any  fear  of  such  a  result.  It  is  the  usual  custom,  where  meters 
are  used,  to  make  a  uniform  minimum  charge  of  from  $10  to  $12  to 
each  water  taker,  for  which  sum  the  taker  is  entitled  to  use  the 
quantity  for  which  an  equal  charge  would  be  made  at  meter  rates. 
The  yearly  schedule  rate  paid  by  water  takers  in  the  different  munic- 
ipalities of  the  Metropolitan  District  for  the  use  of  one  ftiucet  and 
a  water-closet  is  generally  from  $9  to  $11,  and  the  rate  for  a  single 
faucet  is  $5.  For  $10  per  annum  per  taker,  every  person  in  a 
family  of  average  size,  if  supplied  by  meter  at  the  rate  of  14  cents 
per  100  cul)ic  feet,  which  is  the  rate  generally  in  force  throughout 
the  District,  will  have  the  privilege  of  using  30  gallons,  or  twelve 
pailfuls  of  water  per  day,  which  experience  shows  to  be  ample  for 
domestic  use.  In  many  municipalities  where  water  used  for  domes- 
tic purposes  is  metered,  exception  is  made  in  cases  where  premises 
are  supplied  through  a  single  fiiucet,  and  the  schedule  rate  remains 
in  force.  There  appears  to  be  no  reason,  however,  why  a  minimum 
rate  of  $5  per  year  should  not  be  made  for  premises  of  this  kind 
supplied  by  meter.     Experience  shows  that  the  majority  of  the  water 
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takers  using  water  for  domestic  purposes  use  less  than  the  quantity 
to  which  they  are  entitled  Ijy  the  minimum  charge. 

In  the  city  of  Maiden  the  minimum  yearly  charge  is  $12,  for 
which  sum  each  water  taker  is  entitled  to  use  47,470  gallons, 
equivalent  to  130  gallons  i)er  day,  or  26  gallons  per  day  for  each 
member  of  a  family  of  average  size.  In  the  year  1901  the  total 
number  of  meters  on  domestic  services  was  3,490,  and  the  daily 
average  number  of  gallons  used  by  each  service  was  112.8.  The 
number  using  less  than  the  minimum  quantity  was  as  follow^s  :  — 


Cubic  Feet  per 
Year. 

Number 

of 
Services. 

Gallons  per 

Day 
per  Service. 

Cubic  Feet  per            ^^^^^' 
Year.                      Services. 

Gallons  per 

Day 
per  Service. 

Less  than   500,     . 
Between     500  and  1,000,    . 
Between  1,000  and  2,000,    . 

28 
52 
259 
441 

*  6.4 

*  16.1 

*  33.9 
52.5 

Between  3,000  and  4,000,    . 
Between  4,000  and  5,000,    . 
Between  5,000  and  6,300,    . 

566 
560 
621 

72.0 
92.0 
114.0 

Between  2,000  and  3,000,    . 

2,527 

77.4 

*  Many  of  these  were  metered  for  but  a  portion  of  the  year. 

In  the  city  of  Providence  the  minimum  charge  is  $10  per  annum, 
for  which  each  taker  or  service  is  entitled  to  use  91.32  gallons  per 
day.  In  1888  an  analysis  was  made  to  show  the  number  of  takers 
using  less  than  the  quantity  permitted  by  the  minimum  rate,  with 
the  followino;  result :  — 


Cubic 'Feet  Per 

Number 
of 

Gallons  per 

Day 
per  Service. 

Cubic  Feet  per 

Number 
of 

Gallons  per 

Day 
per  Service. 

Year. 

Services. 

Year. 

Services. 

Less  than  1,500,   . 

167 

30.74 

Between  3,000  and  3,500,    . 

446 

71.73 

Between  J, 500  and  2,000,  . 

237 

40.99 

Between  3,500  and  4,000,    . 

462 

81.98 

Between    2,000  and  2,500,  . 

361 
445 

61.23 
61.48 

Between  4,000  and  4,457,    . 

435 

91.32 

Between    2,500  and  3,000,  . 

2,553 

66.70 

The  total  number  of  meter  accounts  at  this  time,  including  those 
for  trade,  manufacturing  and  mechanical  use,  was  7,074,  of  which 
5,110,  or  72  per  cent.,  paid  less  than  $20  per  year. 


Use  of  Meters  on  Street  Mains. 
As  has  l)cen  ah-eady  stated  on  previous  pages,  there  is  a  large 
leakage  from  the  pi[)cs  in  the  streets,  and  this  cannot  be  detected  ex- 
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Diagram  showing  Hourly  Rate  of  Consumption  in  a  Portion  (Section,  Winthrop 2)  of  Charlestown  District,  City  of  Boston. 

Summary  of  Tests 


Dale 

Population 

Rafe.  Gallons  p&r  Hour 

Gallons  per  cap  Ha  per  day 

Remarks 

Averaaefor24hrs. 

MaMRalefwasle.  Amaae  for  S4 hrs. 

HiahtRale(wasle) 

July.  I88L. 

Nov.  188/.- 
May.  1895- 

UOV.    1903- 

1880 

'5350 

3300 

68.4 

47.8 

54.7    .      . 

'Il'.'.zii'.'.'.'I. 

.       .  Z9.3.. 

Before  mspection 

3750.-     _ 

1740- 

.  After  two  or  three  inspections .  _ 

Inspection  continued  until  July  I895-. 
.  No  inspection  for  8  years 

4100 

-  2Z00 

-1825.- 

.__  6400 

.  —  5200.... 

84.0 

...68.4-..-. 

Noon        IPM       2  PM.      3  PM.      4  PM.       5  PM      6  PM.       7  PM.       8PM.       9  PM.     10  PM.       II PM. 


Diagram  No.  10 
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cept  in  the  aggregate,  and  cannot  be  prevented  by  measuring  the  water 
^applied  to  each  taker.  Underground  leaks  in  the  streets  can  be 
best  h)cated  by  phicing  meters  on  the  street  mains,  in  such  a  manner 
hat  districts  containing  from  2,000  to  5,000  persons  can  be  isolated 
from  the  remainder  of  the  pipe  system.  The  type  of  meter  used  for 
I)uildings  is  not  well  adapted  to  this  service,  but  either  the  Venturi 
meter  previously  described,  or  the  Deacon  waste-water  meter,  which 
has  been  used  in  Boston  for  detecting  waste,  can  be  used  to  good 
advantage.  Both  of  these  meters  record  the  rate  at  which  water  is 
drawn  through  them,  and  by  closing  valves  on  the  pipes,  the  leaks, 
both  in  mains  and  service  pipes,  can  be  located  within  narrow  limits. 
The  Deacon  meter  gives  a  continuous  record  of  the  rate  of  flow;  the 
Venturi  meter  records  the  rate  of  flow  at  intervals  of  ten  minutes. 

Samples  of  the  records  made  by  both  of  these  types  of  meters 
are  shown  on  the  following  pages. 

The  Venturi  meter  records,  shown  on  Diagram  No.  9,  are  full 
size  facsimiles  of  original  records,  showing  the  increased  draft  caused 
by  leaks  in  street  mains.  On  Diagram  No.  10  is  shown,  on  a  slightly 
reduced  scale,  the  facsimile  of  a  record  made  by  a  Deacon  meter  in 
July,  1881,  before  any  attempt  had  been  made  to  prevent  waste, 
together  with  records  made  at  later  dates.  It  will  be  noticed  that 
the  record  of  November,  1881,  shows  a  line  approximately  parallel 
with  the  record  made  in  the  preceding  July,  indicating  that  the  re- 
duction due  to  stopping  waste  was  continuous  throughout  the  twenty- 
four  hours.  It  is  also  noticeable  that  the  draft  during  the  day  was 
but  very  little  larger  in  November,  1903,  than  it  was  in  July,  1881, 
twenty-two  years  before,  while  the  night  rate  or  waste  in  1903  was 
the  largest  recorded. 

By  the  most  thorough  inspection  it  is  not  practicable  to  prevent  all 
underground  waste  of  water,  and  the  best  results  can  only  be  ob- 
tained by  a  force  of  well-trained,  conscientious  employes.  This 
condition  of  afl^airs  is  more  or  less  ditficult  of  attainment,  but  it  is 
perfectly  feasible  to  reduce  the  underground  waste  to  from  10  to  15 
gallons  per  capita,  and  the  total  waste,  including  that  in  buildings, 
to  from  15  to  20  gallons. 

Method  of  Assessment. 
By  the  present  method  of  apportioning  the  amount  required  to 
pay  the  interest,  sinking  fund  requirements,  and  expenses  of  mainte- 
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nance  and  operation  for  the  Metropolitan  Water  District,  the  city 
of  Boston  pays  in  the  proportion  that  its  valuation  bears  to  the  total 
valuation  of  the  whole  water  district ;  and  the  remaining  cities  and 
towns  pay  the  remainder  of  the  required  amount,  one-third  in  pro- 
portion to  their  respective  valuations  and  two-thirds  in  proportion 
to  their  respective  populations,  including,  however,  only  one-sixth 
of  the  total  valuation  and  one-sixth  of  the  total  population  of  any 
city  and  town  which  has  not  reached  the  safe  capacity  of  its  sources 
of  supply,  and  has  not  made  application  for  a  supply  of  water.  By 
this  method  of  assessment  the  proportion  paid  l)y  the  several  munici- 
palities is  not  affected  by  the  quantity  used,  and,  although  each 
municipality  should  be  interested  to  keep  the  cost  of  constructing 
and  maintaining  works  as  small  as  possil)le,  the  inducement  to  pre- 
vent waste  of  water  is  general  rather  than  special,  especially  in  the 
smaller  cities  and  towns.  Under  the  present  system,  those  cities 
and  tow^ns  where  the  quantity  of  water  used  is  kept  within  reason- 
able limits,  either  by  the  use  of  meters  or  by  inspection,  pay  a  higher 
rate  for  the  water  used  than  those  where  meters  are  not  in  use,  and 
little  or  no  attempt  is  made  to  prevent  waste.  This  is  shown  by  the 
following  table  (No.  18),  giving  the  cost  to  each  municipality  of  the 
water  used  during  the  year  1903.  The  quantity  used  has  been  deter- 
mined from  actual  measurement  during  the  last  six  months  of  the 
year,  and  estimated  for  the  remaining  time. 

Table  No.  18. 


Amount 

Estimated 

Cot.t 

City  or  Town. 

of  AsscsBnient 

Qiianlily  used 
(Million  Gallons). 

per  Million 

for  1903. 

Gallons. 

Boston,    , 

$1,.510,857  46 

29,382.50 

$51  42 

Somerville, 

77,288  43 

2,120.65 

36  45 

Maiden 

41,635  31 

646.05 

64  45 

Chelsea, 

39,877  64 

1,277.60 

31  21 

Everett 

29,794  15 

857.75 

34  73 

Quincy 

30,237  42 

912.50 

33  14 

Medford, 

24,654  86 

602.25 

40  05 

MelroBe, 

17.815  34 

511.00 

34  86 

Revere 

13,771  64 

299.30 

46  01 

13,440  83 

182.50 

73  65 

Arlington 

11,549  55 

244.56 

47  23 

Milton 

14,813  20 

120.45 

122  79 

Winthrop 

8,653  44 

244.55 

35  38 

Htoneham, 

7,623  04 

164.26 

45  80 

Belmont 

5,701  23 

80.30 

71  00 

5,733  77 

87.60 

64  47 

Nahant •      . 

3,211  08 

51.10 

62  84 



$1,856,558  29 

37,784.80 

$49  14 
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In  order  to  show  the  efiect  of  using  the  quantity  of  water  con- 
sumed as  a  tactor  in  determining  the  amount  to  be  paid  by  the 
several  municipaUties,  the  foUowing  statements  have  been  prepared, 
showing  the  results  under  different  conditions.  The  assessments 
of  Xewton  and  Hyde  Park  have  been  based  upon  one-sixth  of  the 
quantity  of  water  consumed  in  1903. 

Table  No.   19. 
If  each  city  and  toicn  had  been  assessed  for  the  year  1903  in  jjroportio^i 
to  the  quantity  of  tvater  used,  the  amounts  paid  would  have  been  as  fol- 
io ivs  :  — 


CITY  OR  TOWN. 


Somerville, 
Newton, 
Maiden, 
Chelsea,     . 
Everett,     . 
Quincy,      . 
Medford,   . 
Hyde  Park, 
Melrose,     . 
Revere, 
Watertown, 
Arlington, 
Milton, 
Winthrop, 
Stoneham, 
Belmont,   . 
Lexington, 
Xahant,      . 


Amount 

of 

Assessment, 

on  Basis 
above  given. 


$1,445, 
104, 


DirrERENCE,  COMPARED  WITH 

AcTDAL  Assessment. 


$65,095  70 


2,937  13 
9,851  09 


4,453  05 


1,758  57 
1,417  39 


$95,0 


22,980  86 

12,416  65 

14,664  10 

4,980  52 

295  84 

7,335  49 

952  62 


3,380  09 
549  14 
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Table  No.   20. 
If  the  city  of  Boston  had  been  assessed  in  proportion  to  its  valuation, 
and  the  remainder  of  the  amount  divided  among  the  remaining  municijmli- 
ties  in  proportion  to  the  qxiantity  of  water  used  by  each,  the  results  ivoidd 
have  been  as  folloios :  — 


CITY  OR  TOWN. 


Boston, 
Somerville, 
Newton,     . 
Maiden, 
Chelsea,     . 
Everett,      . 
Quincy,     . 
Medford,    . 
Hyde  Park, 
Melrose,    . 
Revere, 
Watertown, 
Arlington, 
Milton, 
Wlnthrop, 
Stoneham, 
Belmont,    : 
Lexington, 
Nahant,      . 


Amount 

of 

Assessment, 

on  Basis 
above  given. 


857  46 
281  25 
340  52 
895  73 

179  80 
705  97 
988  12 
071  45 
582  62 
272  63 
458  82 
597  63 

180  24 
,015  00 
180  25 
,835  72 
340  95 
648  58 
128  34 
561  08 


difpebenck,  compared  with 
Actual  Assessment. 


$3,912 


1,312  82 

5,843  20 

1,369  31 

9,798  20 

687  32 

2,360  28 

2,085  19 

1,082  74 

$43,358  29 

$10,992 


13,302  26 

5,911  82 

7,750  70 

416  59 


$43,358  29 
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Table  No.  21. 
If  the  city  oj  Boston  had  been  assessed  in  ^^TOffortion  to  its  valuation, 
and  the  remainder  of  the  amotmt  divided  among  the  remaining  municipali- 
ties, one-third  in  proportion  to  valuation  and  two-thirds  in  proportion  to 
the  quantity  ofivater  used,  the  residts  ivoidd  have  been  as  folloivs :  — 


CITY  OR  TOWN. 


Boston, 

Somerville, 

Newton,     . 

Maiden, 

Chelsea,     . 

Everett,     . 

Quincy,      . 

Medford,    . 

Hyde  Park, 

Melrose,     . 

Revere, 

Walertown, 

Arlington, 

Milton, 

Winthrop, 

Stonebam, 

Belmont,    , 

Lexington, 

Nahant, 


Amount 

of 

Asscbsment, 

on  Basis 
above  given. 


$1,610,857  46 
82,311  18 
7,923  14 
30,168  72 
45,575  02 
32,347  14 
34,693  67 
25,436  30 
2,543  27 
20,678  85 
12,998  95 
10,030  01 
10,824  11 
12,412  32 
10,151  63 
6,667  60 
4,496  33 
4,821  84 
3,623  64 
$1,868,561  08 


Difference,  compared  with 
Actual  Assessment. 


Less. 

More. 

- 

- 

- 

$5,022  75 

$1,329  73 

- 

11,466  59 

- 

- 

5,697  48 

- 

2,552  99 

- 

4,456  25 

- 

781  44 

206  65 

- 

- 

2,803  51 

772  69 

- 

3,410  82 

- 

725  44 

- 

2,400  88 

- 

- 

1,498  19 

855  44 

- 

1,204  90 

- 

911  93 

- 

- 

412  46 

$23,286 
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Table  No.   22. 
If  the  assessment  for  1903  had  been  divided  among  all  the  municipali- 
ties, including  Boston,  one-third  in  proportion  to  valuation  and  two-thirds 
in  proportion  to  quantity  used,  the  residts  vjould  have  been  as  follows:  — 


CITY  OR  TOWN. 


Boston, 

Somerville, 

Newton,     . 

Maiden, 

Chelsea,     . 

Everett,      . 

Quincy,      . 

Medford,   . 

Hyde  Park, 

Melrose,    . 

Revere, 

Watertown, 

Arlington, 

Milton, 

Winthrop, 

Btoneham, 

Belmont,   . 

Lexington, 

Nahant, 


Amount 

of 

Assessment, 

Difference,  compared  with 

Actual  Assessment. 

on  Basis 
above  given. 

Less. 

More. 

$1,467,474  44 

$43,383  02 

- 

93,016  97 

- 

$15,728  54 

8,576  70 

676  17 

- 

33,428  56 

8,206  75 

- 

52,020  74 

- 

12,143  20 

36,679  85 

- 

6,885  70 

39,295  84 

- 

9,058  42 

28,476  87 

- 

3,822  01 

2,858  90 

- 

108  98 

23,263  58 

- 

5,448  24 

14,518  72 

- 

747  08 

10,949  77 

2,491  06 

- 

12,052  22 

- 

502  67 

13,023  87 

1,789  33 

- 

11,379  54 

- 

2,726  10 

7,492  93 

30  11 

- 

4,895  63 

805  60 

- 

5,269  34 

464  43 

- 

3,886  61 

_ 

675  53 

$1,868,561  08 

$57,846  47 

$57,846  47 
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Table  No.   23. 
If  the  assessment  for  1903  had  been  divided  among  all  the  cities  and. 
toivns,  one-half  in  i^roportion  to  valuation  and  one-half  in.  ^^I'oportion  to 
quantitii  used,  the  residts  wonhl  have  been  as  foUoivs :  — 


CITY   OR  TOWN. 


Boston, 

Somerville, 

Newton,     . 

Maiden, 

Chelsea, 

Everett,      . 

Quincy, 

Medford,    . 

Hyde  Park, 

Melrose,     . 

Revere, 

WatertowD, 

Arlington, 

Milton, 

"Winthrop, 

Stoneham, 

Belmont,    . 

Lexington, 

Nahant, 


Amount 

of 

Asseesment, 

on  Basis 
above  given. 


Difference,  compared  with 
Actual  Assessment. 


$1,478,312  10 
87,355  23 
9,716  52 
34,250  73 
46,601  91 
33,914  38 
36,511  68 
27,897  62 
2,746  78 
22,329  31 
14,406  61 
11,940  10 
12,070  91 
16,555  45 
11,061  88 
7,212  65 
5,362  77 
5,736  48 
4,577  97 


$1,868,561 


$10,066  80 
463  65 

6,724  37 
4,120  23 
6,274  26 
3,242  76 

4,513  97 
634  97 

521  36 
1,742  25 
2,408  44 


2  71 

1,366  89 

$42,082  66 
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Table  No.   24. 
If  the  assessment  for  1903  had  been  divided  as  follows :  Boston^  two- 
thirds  in  proportion  to  valuation,  one-third  in  p)i'oportio7i  to  tvater  used; 
and  other  municipalities,  one-third  in  proportion  to  valuation,  two-thirds 
in  proportion  to  quantity  used,  the  results  would  have  been  as  follows :  — 


CITY  OR  TOWN 

Amount 

of 

Assessment, 

-         on  Basis 

above  given. 

Difference,  compared  with 
Actual  Assessment. 

Less. 

More. 

Boston 

$1,489,162  83 

$21,694  63 

- 

SomerviU.-, 

87,303  33 

- 

$10,014  90 

Newton,     . 

8,403  67 

849  20 

- 

Chelsea,     . 

48,339  13 

- 

8,461  59 

Maiden,      . 

31,998  45 

9,636  86 

- 

Everett,     . 

34,308  98 

- 

4,514  83 

Quiricy,      . 

36,797  84 

- 

6,560  42 

Medford,    . 

26,979  01 

- 

2,324  15 

Hyde  Park, 

2,697  52 

52  40 

- 

Melrose,     . 

21,933  01 

- 

4,117  67 

Revere, 

13,787  33 

- 

15  69 

Watertown, 

10,638  33 

2,802  50 

- 

Arlington, 

11,480  59 

68  96 

- 

Milton,       . 

13,165  12 

1,648  08 

- 

Winthrop, 

10,767  32 

- 

2,113  88 

Stoneham, 

7,071  98 

451  06 

- 

Belmont,    .  . 

4,769  04 

932  19 

- 

Lexington, 

5,114  29 

619  48 

- 

Nahant,      . 

3,843  31 

- 

632  23 

$1,868,561  08 

$38,755  36 

$38,765  36 

By  the  provisions  of  the  Act  constituting  the  Metropolitan  AVater 
District,  the  city  of  Boston  was  paid  for  all  of  its  supply  works, 
while  those  of  the  other  cities  and  towns  were  not  taken,  with  the 
exception. of  Spot  Pond  and  pumping  stations  on  its  shores,  which 
were  the  property  of  the  cities  of  Maiden,  Medford  and  Melrose. 
The  works  of  the  cities  of  Quincy  and  Newton  and  of  the  towns  of 
Arlington,  Kevere,  Watertown,  Lexington  and  Hyde  Park,  also 
portions  of  the  works  supplying  water  to  Maiden,  Melrose  and  Med- 
ford, were  not  taken,  and  are  now  of  little  value,  excepting  those  of 
Newton  and  Hyde  Park,  which  still  furnish  those   municipalities. 
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These  facts  were  considered  in  fixing  the  proportion  of  the  cost  to  be 
paid  by  Boston  and  the  other  municipalities,  and  the  part  to  be  paid 
})y  the  city  of  Boston  was  based  upon  its  valuation  in  proportion  to 
the  valuation  of  the  whole  District.  The  proportion  of  the  valuation 
of  the  city  of  Boston  to  that  of  the  whole  District  is  larger  than  the 
corresponding  percentage  of  its  population  or  of  the  quantity  of 
water  used ;  for  this  reason,  any  change  in  the  present  method  of 
assessment  of  the  whole  district,  by  substituting  the  quantity 
of  water  used  for  population,  will  decrease  the  assessment  of  the 
city  of  Boston. 

For  the  year   1903  the  percentages  of  valuation,  population  and 
water  used  in  the  several  municipalities  were  as  follows  :  — 

Table  No.  25.  —  Shoicinr/ tJm  Proportion  of  Valuation^  Population  and 
Quantity  of  Water  tised  for  the  Year  1903 ;  also,  the  Proportion  of 
Metrop>olitan  Water  Assessment  paid  hy  the  Several  Cities  and  Towns. 


City  or  Toavn. 


Percentage       Percentage       Percentage 
Valu°adoa.       ^^^l     Wateru«ed. 


Percentage 
paid 

on  Present 
Basis  of 
Esiimate. 


Somerville, 
Newton,*    . 
Maiden, 
Chelsea, 
Everett, 
Quincy, 
Medford,     . 
Hyde  Park,^ 
Melrose, 
Revere, 
WatertowQ, 
Arlington,  . 
Milton, 
Winthrop,  . 
Stoneham,  . 
Belmont,     . 
Lexington, . 
Nabant, 


80.857 

3.767 

.701 

1.965 

1.625 

1.371 

1.504 

1.400 

.132 

1.043 

.754 

.797 

.648 

1.456 

.540 

.339 

.364 


66.284 

7.505 

.700 

4.098 

3.980 

3.313 

2.977 

2.303 

.263 

1.542 

1.436 

1.201 

1.079 

.820 

.815 

.706 

.533 

.398 

.217 

100.000 


77.373 
5.584 

.338 
1.701 
3.364 
2.259 
2.403 
1.586 

.163 
1.346 

.481 
.644 
.317 
.644 
.432 
.211 
.231 
.135 
100.000 


80.857 

4.136 

.495 

2.228 

2.134 

1.595 

1.618 

1.320 

.147 

.953 

.737 

.719 


.172 
100.000 


*  Percentages  for  Newton  and  Hyde  Park  are  based  upon  one-sixth  of  the  valuation,  population  and 
water  used. 
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In  view  of  the  conditions  under  which  the  present  method  of  ap- 
portioning the  assessment  was  established,  it  does  not  appear  to  l)e 
equitable  to  so  radically  modify  the  same  as  to  eliminate  entirely 
the  factor  of  valuation.  On  the  other  hand,  it  is  very  desirable  that 
the  assessment  shall  be  divided  in  such  a  manner  that  each  city  and 
town  shall  feel  a  pecuniary  interest  in  preventing  the  waste  of  water. 
The  city  of  Maiden,  and  the  towns  of  Belmont,  Milton  and  Water- 
town,  have,  by  the  general  use  of  meters,  prevented  to  a  great  extent 
the  waste  of  water  within  their  limits  ;  while  in  most  of  the  other 
cities  and  towns  in  the  District  very  little  attention  is  given  to  any 
means  of  preventing  unnecessary  use  and  waste.  From  a  business 
point  of  view,  it  seems  proper  that  those  municipalities  which  adopt 
measures  to  prevent  waste  of  water,  and  thus  reduce  the  expense  of 
constructing  and  maintaining  the  Metropolitan  Water  Works,  should 
receive  a  direct  benefit,  and  that  they  should  not  be  obliged  to  pay 
for  the  negligence  of  others.  This  can  to  some  extent  be  accom- 
plished by  using  both  valuation  and  quantity  of  water  as  factors  in 
determining  the  proportion  to  be  paid ;  and  if  each  of  these  factors 
is  given  equal  value,  the  results  will,  as  a  whole,  be  an  improvement 
upon  the  present  method. 

Reasons  for  checking  Waste. 
The  quantity  of  water  that  will  l)e  required  in  the  future  to  supply 
cities  and  towns  now  furnished  with  water  from  the  Metro})olitan 
Works  is  estimated  as  follows,  the  figures  in  the  second  and  third 
columns  being  the  quantities  that  will  be  needed  if  waste  is  not 
checked,  and  those  in  the  fourth  and  fifth  columns  those  required  if 
water  is  sold  to  all  consumers  by  measurement,  and  waste  of  water 
prevented  as  far  as  practicable,  assuming,  in  both  cases,  an  increas- 
ing consumption  per  capita. 


Waste  not  checked. 

Waste  prevented. 

YEAR. 

Gallons  per 
Capita. 

Million 

Gallons  per 

Day. 

Gallons  per 
Capiiu. 

Million 

Gallons  per 

Day. 

1910 

1915,    

1920 

1925 

1930,    

134 
144 
154 
164 
174 

152 
181 
219 
262 
310 

80 
85 
90 
95 
100 

90 
107 
128 
150 
175 
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The  estimated  safe  capacity  of  the  Cochituate,  Sudbury  and 
Nashua  River  worlvs  is  173,000,000  gallons  per  day  ;  and,  if  present 
conditions  are  allowed  to  continue,  additional  sources  of  supply  will 
be  required  hy  1013,  the  construction  of  which  will  require  sev^eral 
years,  so  that  within  five  years  from  the  time  when  the  Nashua 
River  works  now  l)cing  built  will  l)e  finished  the  construction  of 
new  works  will  bo  called  for. 

The  sources  which  were  suggested  in  1895  by  the  State  Board  of 
Health,  in  its  report  on  additional  Avater  supply,  as  available  for 
supplementing  the  supply  from  the  Nashua  River,  are  as  follows  :  — 


Eetiraated  j  Total  Available 

Available  Yield  i  from  all  Sources 

(Million  Gal-  (Million  Gal- 
lons per  Day).  Ions  per  Day). 


AsBabet  River, 

Upper  Ware  River, 

Lower  Ware  and  Swift  rivers. 


The  addition  of  the  Assabet  River  will  be  followed  almost  imme- 
diately by  works  from  the  Upper  Ware  River,  and  within  eighteen 
years  the  construction  of  works  from  the  Swift  River  will  become 
necessary.  In  order  to  distribute  the  increasing  quantity  of  water 
to  the  several  municipalities,  no  less  than  ten  lines  of  large  pipes 
will  be  required,  leading  from  the  terminus  of  the  Weston  Aqueduct, 
and  additional  main  pipes  will  also  be  required  in  different  portions 
of  the  District.     Additional  pumping  machinery  will  also  be  needed. 

It  is  estimated  that  the  cost  of  the  new  works  required  within  the 
next  twenty-five  years  to  supply  the  probable  demand  for  water,  if 
waste  is  unchecked,  will  be  at  least  $32,000,000,  assuming  that  the 
District  remains  constituted  as  at  present.  If  other  cities  and  towns 
are  added,  as  is  pro1)al)le,  the  time  when  the  additional  works  will  be 
needed  will  be  shortened. 

Not  only  is  the  cost  of  constructing  and  maintaining  the  works 
necessary  for  supplying  water  to  the  Metropolitan  District  increased 
by  the  waste  of  water,  but  the  cost  of  the  works  required  to  dispose 
of  the  water  after  it  has  been  delivered  to  the  water  takers  is  also 
increased.  The  greater  part  of  the  water  that  is  wasted  runs  into 
the  sewers,  and  is  pumped  one  or  more  times  before  being  dis- 
charged into  the  ocean.     The  North  Metropolitan  Sewerage  Works, 
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when  built,  about  ten  years  ago,  were  expected  to  have  a  capacity 
sufficient  to  meet  the  demands  of  the  District  until  1930 ;  but  it  has 
already  been  found  necessary  to  duplicate  some  portions  of  the 
system,  and  within  a  comparatively  few  years  the  entire  system 
must  be  duplicated,  if  the  quantity  of  sewage  to  be  provided  for 
continues  to  increase  at  the  present  rate.  The  city  of  Boston  has 
been  obliged  to  construct  new  reservoirs  and  pumping  machinery, 
and  new  and  extensive  works  are  now  being  constructed  to  relieve 
the  Boston  system  of  a  portion  of  the  sewage  now  cared  for.  The 
total  cost  of  the  Metropolitan  and  Boston  main  drainage  systems 
has  been  about  $19,000,000  ;  and  larger  sewers  and  additional  jmmp- 
ing  machinery  will  be  required,  and  increased  cost  of  maintenance  will 
result,  if  waste  of  water  is  allowed  to  continue  to  increase.  All  the 
available  sources  of  water  supply  east  of  the  Connecticut  Eiver  will 
be  required  during  the  next  twenty-five  years,  and  an  immense  sum 
of  money  must  be  expended  for  the  construction  of  works  to  bring 
to  the  District  water  which  will  serve  no  useful  purpose,  but  will,  on 
the  other  hand,  cause  inconvenience  and  expense  to  the  Metropolitan 
District,  through  making  necessary  additional  water  mains  and 
sewerage  works. 

In  conclusion,  I  desire  to  express  my  appreciation  of  the  assist- 
ance furnished,  during  the  progress  of  the  investigations  and  the 
preparation  of  this  report,  by  the  officials  in  charge  of  the  water 
departments  in  the  several  municipalities  of  the  District. 

Table  No.  26,  appended  to  this  report,  gives  the  daily  average 
number  of  gallons  of  water  used  during  each  week  from  June  28, 
1903,  to  January  2,  1904,  in  the  several  cities  and  towns  supplied 
from  the  Metropolitan  Water  Works  ;  and  Table  No.  27  contains 
statistics  relative  to  the  consumption  of  water,  number  of  services 
and  meters  in  use,  revenue  from  sale  of  water,  etc.,  in  twenty-one 
of  the  large  cities  of  the  United  States. 

Respectfully  submitted, 

DEXTER   BRACKETT, 

Engineer,  Distribution  Dejiartmeyit. 
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MOSQUITOES    AND    SUGGESTIONS    FOR    THEIR 
EXTERMINATION.* 

BY    WILLIAM    LYMAN    UNDERWOOD,    LECTURER    IN    THE    MASSACHU- 
SETTS INSTITUTE  OF  TECHNOLOGY. 

[Presented  January  13,  1904.] 

The  statement  has  been  freqnently  made  of  late  that  there  is 
no  more  reason  why  we  should  suffer  from  mosquitoes  than  there 
is  that  we  should  allow  rats  and  mice  to  continually  annoy  us,  and 
this  statement  is  in  a  measure  true.  Rats  and  mice  are  to  a  great 
extent  effectively  held  in  check,  for  we  have  become  accustomed 
to  them  and  their  habits,  and  we  know  how  to  deal  with  them. 
Were  it  not  for  the  fact  that  a  constant  warfare  is  being  waged 
against  them,  they  would  soon  overrun  our  houses  and  make  life 
unbearable. 

In  order  to  fight  the  mosquitoes  successfully  it  is  important 
that  every  one  should  take  an  interest  in  the  popular  uprising 
against  this  insect  pest.  And  now  that  it  is  known  that,  besides 
being  a  nuisance,  mosquitoes  may  be  a  menace  to  the  health  of 
the  community,  it  is  equally  necessary  that  every  one  should  be- 
come familiar  with  all  that  pertains  to  their  life  history,  so  that 
the  war  against  them  may  be  successfully  and  intelligently  car- 
ried on.  Notwithstanding  all  that  has  been  written  on-  the  sub- 
ject of  mosquitoes  during  the  last  year  or  two,  the  majority  of 
people  still  know  but  little  about  them. 

It  is  the  purpose  of  this  article  to  state,  in  as  simple  a  manner 
as  possible,  the  facts  that  are  now  known  regarding  mosquitoes 
and  how  to  deal  with  these  pests,  and  it  is  hoped  that  this  infor- 
mation may  help  to  secure  a  more  general  cooperation  in  the 
work  of  mosquito  extermination. 

Few  people  realize  that  there  are  a  great  many  different  kinds 

*  Illustrated  with  photographs  from  life  by  the  author.  I'he  article  and  the  photographs 
are  copyrighted. 
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of  mosquitoes.  Some  300  species  have  already  been  desorioed, 
and  here  in  the  United  States  we  have  about  50  species,  belong- 
ing to  nine  different  genera.  The  most  common  of  these  genera 
in  the  northern  states  are  Anopheles,  the  malarial,  and  Culex, 
the  ordinary,  mosquito.  Of  the  former  there  are  two  species  and 
of  the  latter  at  least  fifteen. 

Only  these  two  genera  and  the  methods  for  their  extermina- 
tion will  be  especially  considered,  and  as  these  methods  may  also 
be  successfully  applied  to  the  other  kinds  of  mosquitoes,  no  de- 
tailed description  of  the  others  need  be  given. 

It  is  commonly  and  quite  naturally  thought  that  mosquitoes 
breed  in  wet  grass,  as  they  are  often  seen  to  rise  from  it  in  clouds 
when  disturbed,  particularly  in  the  early  morning  and  evening. 
They  have  not  bred  there,  however,  but  have  merely  sought  the 
shelter  of  the  grass  where  they  can  be  protected  from  the  wind. 
The  moisture  of  the  dew  upon  the  grass  also  furnishes  an  attrac- 
tion for  them  and  they  always  prefer  damp  rather  than  dry  places. 

Another  popular  theory  is  that  mosquitoes  will  breed  oiily  in 
foul  or  stagnant  water.  This  is  also  a  mistaken  idea,  though 
they  often  do  breed  in  such  water,  not  because  it  is  impure  or 
stagnant,  however,  but  because  these  places  are  usually  quiet, 
and  here  the  female  can  deposit  her  eggs  undisturbed. 

It  is  commonly  supposed  that  mosquitoes  do  not  breed  in  salt 
water,  but  the  recent  "Mosquito  Investigations"  of  Prof.  John 
B.  Smitli,  of  New  Jersey,  which  were  pubhshed  in  the  New  Jersey 
Agricultural  College  Experiment  Station  Report  of  November, 
1902,  show  that  the  larvse  of  Cidcx  sollicitans,  the  "  Salt  marsh 
mosquito,"  not  only  prefer  salt  or  brackish  water,  but  are  seldom 
found  'in  pools  where  the  water  is  strictly  fresh,  and,  contrary' 
to  the  usual  custom,  this  mosquito  lays  its  eggs  upon  the  soil  of 
marsh  or  meadow  land.  There  the  eggs  remain  until  the  advent 
of  an  unusually  high  tide.  Then  after  a  few  hours  when  the  w^ater 
has  covered  them,  the  infant  larvae  make  their  appearance. 

It  is  very  generally  believed  that  mosquitoes  bite  but  once  and 
then  die.  This  is  sometimes  so;  but,  unless  they  are  killed  in  the 
act  of  biting,  they  usually  live  to  bite  again.  The  female  mos- 
quito (for  it  is  only  the  female  that  attacks  human  l^eings)  l)ites 
many  times.     It  is  owing  to  this  fact  that  Anopheles  is  able  to 


PLATE  I. 


Fig.  1.  —  ^fosquito  "  u igglera  "  —larva'  ami  pupie  —  in  the  water.    Life  size. 


Fig.  -2.  —  ^lo^<luilo  "wiggli'is"  JaivM'j  in  llic  water.     Jnopheloi  larva  to 
the  right.    Culex  larva  ti>  the  left.    Three  times  as  large  as  life. 


Fig  :;.  —  A  pupa,  the  third  .^tage  in  a  mos- 
iiuito's  life.     Tliree  times  as  large  as  life. 
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convey  the  germs  of  malarial  fever  from  person  to  ])erson.  When 
biting  any  one  who  is  afflicted  with  malaria,  the  insect  draws  in 
with  the  blood  the  germs  of  the  disease,  which  it  afterwards 
carries  on  into  the  blood  of  another  victim.  The  vast  majorit}' 
of  mosquitoes  never  get  human  blood  for  food.  In  its  absence 
they  live  upon  the  blood  of  birds  and  other  animals,  and  when 
these  are  not  to  be  found,  upon  the  juices  of  young  and  tender 
plants. 

It  is  not  known  just  how  long  mosquitoes  can  live,  but  their 
average  life  is  much  longer  than  is  ordinarily  supposed.  Thou- 
sands of  them  live  through  winter,  hibernating  or  asleep  in 
dark  places  in  barns  or  house  cellars.  In  sparsely  settled  locali- 
ties, where  they  cannot  find  such  places  for  shelter,  they  live 
through  the  winter  in  hollow  trees,  in  caves  and  holes  under  up- 
turned trees ;  and,  even  though  the  temperature  may  fall  far  below 
freezing,  they  are  not  winter-killed,  but  on  the  approach  of  warm 
weather  become  active  again.  Mosquitoes  are  frequently  seen 
flying  about  in  the  woods  before  the  snow  has  wholly  left  the 
ground. 

Mosquitoes  cannot  develop  or  come  to  maturity  without 
water  in  which  to  live  during  the  first  weeks  of  their  "  wiggler  " 
existence. 

A  mosquito's  Hfe  is  divided  into  four  stages  —  the  egg,  the 
larva,  the  pupa,  and  the  adult  insect.  In  the  larval  and  pupal 
stages,  mosquitoes  are  more  commonly  known  as  'Svigglers " 
(see  Fig.  1,  Plate  I).  Both  Anopheles,  the  malarial,  and  Culex,  the 
common,  mosquito  larvae  are  present  in  this  picture.  Mosquito 
"  wigglers  "  may  frequently  be  found  in  rain-water  barrels  in  as  large 
numbers  as  are  seen  in  this  photograph.  The  female  mosquito 
lays  from  one  hundred  and  fifty  to  four  hundred  eggs  upon  the 
surface  of  some  quiet  water,  and  in  a  day  or  two  these  eggs  de- 
velop into  the  larval  or  second  stage  (see  Fig.  2,  Plate  I). 

It  will  be  noticed  that  Culex  hangs  with  its  head  down,  and 
from  its  tail  upward  to  the  surface  of  the  water  extends  a  small 
tube.  Through  this  tube.it  breathes.  Anopheles  rests  just  be- 
neath and  parallel  to  the  surface  of  the  water,  and  its  breathing 
tube  is  much  shorter  than  that  of  Culex.  These  resting  positions 
are  quite  different,  and  each  is  characteristic  of  its  kind.     Except 
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when  disturbed,  Anopheles  is  generally  to  be  found  at  the  sur- 
face, breathing  and  feeding  in  this  position.  Culex,  on  the  other 
hand,  comes  to  the  surface  only  occasionally  to  breathe.  It 
stays  below  the  water  for  the  greater  part  of  the  time,  and  is  often 
found  feeding  from  the  bottom. 

At  the  end  of  a  few  days  the  larvse  change  into  the  pupal  or 
third  stage  (see  Fig.  3,  Plate  I).  To  the  left  is  seen  the  larval  skin 
out  of  which  this  pupa  has  just  come.  The  difference  between  Culex 
and  Anopheles  in  this,  the  final  stage  of  "wiggler"  existence,  is 
very  slight.  Both  now  live  at  the  surface  of  the  water,  and  they 
breathe  through  two  funnel-shaped  tubes  situated  one  on  each 
side  of  the  thorax,  or  "head."  Unless  disturbed  they  remain 
motionless  in  this  position  at  the  surface  until  the  time  comes 
when,  as  adult  mosquitoes,  they  leave  the  water  (see  Fig.  1, Plate  II). 
This  is  the  critical  period  of  a  mosquito's  life;  for,  should  the  sur- 
face of  the  water  be  disturbed  at  this  time,  the  insect  would  be 
upset  and  drowned.  It  takes  about  seven  minutes  from  the 
time  when  the  skin  along  the  back  of  the  pupa  begins  to  split 
until  the  full-grown  mosquito  comes  forth,  and  in  a  few  minutes 
is  ready  to  fly  away.  A  mosquito  never  grows  any  larger  after 
this  change. 

The  length  of  time  required  to  pass  from  the  egg  to  the  adult 
insect  varies  from  ten  days  to  three  weeks,  according  to  the  tem- 
perature. Warm  weather  hastens  their  development,  while  low 
temperature  checks  it.  The  "  wigglers"  of  some  species  of  mos- 
quitoes live  through  the  coldest  weather  of  our  northern  winters 
-unharmed,  ready,  when  the  first  warm  days  of  spring  have  come, 
to  complete  their  natural  changes. 

Mosquitoes'  eggs  are  so  very  small  that  ordinarily  they  remain 
unnoticed,  but  nearly  every  one  who  lives  in  the  country  is  fa- 
miliar with  the  little  ''  wigglers"  that  are  often  seen  squirming  up 
and  down  in  rain-water  barrels.  Few  people  know  that  these 
Httle  fellows  are  connected  in  any  way  with  mosquitoes,  but  it 
is  a  very  easy  matter  to  prove  that  they  are.  Let  any  one  who- 
doubts  this  fact  dip  up  a  few  in  a  glass  jar  or  tumbler  and  place 
them  in  the  house,  where  they  can  be  frequently  looked  at.  See- 
ing is  believing;  and' after  a  full-grown  mosquito  has  once  ])een 
seen  to  come  forth  from  a  pupa  (which  is  the  last  stage  of  the 
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An  adult  mosquito  (Anopheleti)  traiisforniing  from  a  pupa  ami  com- 
ing out  of  the  water.    Three  times  as  large  as  life. 
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"  wiggler"),  there  can  no  longer  be  any  question  as  to  what 
these  "  wigglers"  really  are. 

Most  of  the  mosquitoes  that  annoy  us  are  1  red  near  by,  often, 
though  unknown  to  us,  in  our  own  dooryards.  Any  water  that 
is  accessible  to  mosquitoes  and  whose  surface  is  undisturbed  by 
winds  or  rapid  currents  furnishes  a  breeding-place  for  them,  and 
"wigglers"  may  often  be  found  in  water  standing  in  old  tin  cans 
or  bottles,  in  rain-water  barrels,  in  pools  in  the  rocks,  in  roof  or 
street  gutters  that  are  not  properly  drained,  in  cesspools  or  in 
catch-basins,  in  fact,  in  any  place  that  ^nll  hold  water  for  a  week 
or  two,  no  matter  how^  small  the  quantity,  even  if  only  a  few 
teaspoonfuls. 

Since  we  know  that  without  water  mosquitoes  in  their  first 
stages  cannot  exist,  it  naturally  follows  that  all  standing  water 
should  be  done  away  with,  or  treated  in  such  a  manner  that  ''wig- 
glers" cannot  live  in  it  nor  mosquitoes  get  to  it  to  lay  their  eggs. 
To  this  end  all  cans,  bottles,  and  every  discarded  utensil  that  will 
hold  water  should  be  removed.  All  stagnant  pools,  where  it  is 
possible  to  do  so,  should  be  drained  or  filled  up.  Cisterns,  rain- 
water barrels,  and  cesspools  should  be  screened  or  otherwise  cov- 
ered to  prevent  the  adult  insects  from  having  access  to  them. 
Where  it  is  not  practicable  to  fill,  drain,  or  screen  the  places  that 
are  suitable  for  mosquitoes  to  breed  in,  the  surface  of  the  water 
may  be  covered  with  kerosene  oil.  This  oil,  when  spread  over 
the  water,  prevents  the  "wigglers"  from  getting  air  when  they 
come  to  the  surface  to  breathe,  and  so  kills  them  (see  Figs.  2 
and  3,  Plate  11). 

In  Fig.  2,  Plate  II,  a  "wiggler"  is  seen  trying  to  get  air,  vainly 
thrusting  its  breathing  tube  up  into  the  film  of  kerosene. 

In  Fig.  3,  Plate  II,  the  upper  "wiggler"  is  grasping  its  breathing 
tube  in  its  mouth,  apparently  trying  to  pull  off  the  small  particles  of 
kerosene  \nth  which  the  tube  has  been  clogged.  The  "wigglers" 
upon  the  bottom  have  been  suffocated  and  have  given  up  the 
fight. 

An  ounce  (two  tablespoonfuls)  of  kerosene  will  spread  over 
fifteen  square  feet  of  water  surface,  forming  a  film  thick  enough 
to  kill  all  the  "wigglers"  that  are  beneath  it.  Kerosene  of  a 
cheap  quality,  known  as  high-test  light  fuel  oil,  is  preferable  for 


166  MOSQUITOES. 

this  purpose.  It  can  usually  be  bought  at  eight  cents  a  gallon. 
If  oil  of  this  quality  is  not  available,  ordinary  kerosene  will  an- 
swer the  purpose.  It  should  be  applied  as  often  as  once  in  two 
weeks,  for  b}^  that  time  the  previous  application  will  have  evapo- 
rated. A  sufficient  quantity  should  be  used,  in  the  proportions 
named,  to  cover  completely  any  place  that  may  need  treatment. 
Any  one  who  is  ill  with  malaria  or  yellow  fever  should  be  care- 
fully protected  from  mosquitoes,  for,  should  a  person  be  bitten 
by  an  Anopheles,  the  malarial  mosquito,  or  Stegomyia  fasciata, 
the  yellow  fever  mosc^uito,  at  this  time,  there  would  be  great 
danger  that  the  insects  might  fly  away  and  bite  some  one  else 
and  thus  spread  these  diseases.  Screens  for  both  doors  and  win- 
dows form  the  best  protection  against  mosquitoes  at  all  times; 
but  it  often  happens  that  the  insects  get  into  our  houses,  even 
though  they  are  thoroughly  screened,  generally  through  some 
door  or  window  that  has  been  left  open  by  mistake,  or  they  may 
gain  an  entrance  by  coming  down  an  unused  chimney  if  the  flue 
is  allowed  to  remain  oj^en  during  the  summer  time.  A  house  or 
a  room  may  be  cleared  of  mosquitoes  by  burning  pyrethrum  pow- 
der and  allowing  the  smoke,  which  is  not  at  all  offensive  to  most 
people,  thoroughly  to  fill  the  room  that  is  under  treatment.  This 
smoke  kills  or  so  stupefies  the  insects  that  they  will  not  bite. 
Pyrethrum  powder  is  a  preparation  of  the  plant  Pyrethrum  ro- 
seum,  and  is  sometimes  sold  as  Persian  Insect  Powder  or  Dalma- 
tion  Powder;  it  can  be  bought  at  any  drug  store  for  about  thirty- 
five  cents  a  pound.  It  is  a  very  fine,  light  powder,  and  an  ounce 
of  it  will  go  a  long  way,  making  a  large  volume  of  smoke.  A 
pyrethrum  smudge  or  smoke  may  be  started  by  covering  a  live 
coal,  taken  from  the  kitchen  stove,  with  the  powder,  first  placing 
the  coal  upon  a  small  shovel,  so  that  it  may  be  moved  about 
conveniently  without  danger  of  setting  anything  on  fire.  The 
pyrethrum  will  quickly  begin  to  smoulder  and  give  off  a  dense 
smoke.  All  that  is  now  necessary  is  to  add  from  time  to  time  a 
pinch  of  the  powder  as  occasion  requires,  merely  keeping  the 
smouldering  ashes  covered  so  that  they  will  give  off  a  smoke. 
People  are  frequently  annoyed  and  sometimes  driven  into  their 
houses  on  summer  evenings  by  the  persistent  attacks  of  mos- 
quitoes.    On   such   occasions,   i)yrethrum   powder  can   often   be 
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Fig.  3.  — Profile  of  Anopheles 
pnnctipennis  (female). 
Tliree  times  as  large  as  life. 
Showing  the  characleristic 
resting  position  of  this 
mosquito. 


Fig.  \.  —  Aiwjilielcs  jiunctiiieniiis  (female).     'I'liree  time: 
large  as  life. 


\ 

i 

/ 

J 

\ 

\ 

■> 

Fig.4.  — Prolileof 
a  Cnle.r  mos- 
quito (female). 
Three  times  as 
large  as  life. 


Fig. 


■Anopheles  macnlipennis  (female).    Three 
times  larger  than  life. 


Fig  h.  —  Pi'ofile  of  a  male  Culex 
mosquito.  Three  times  as 
large  as  life. 
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used  to  advantage;  and  the  smoke  from  a  small  quantity  of  the 
powder  kept  smouldering  on  the  piazza  will  drive  away  most,  if 
not  all,  of  the  pests,  thus  making  it  possible  to  enjoy  an  evening 
out  of  doors  in  comfort,  when  otherwise  life  would  be  unbearable 
except  behind  the  protection  of  screens. 

The  Anopheles,  or  malarial  mosquitoes,  though  not  very  com- 
mon (see  Figs.  1,  2,  and  3,  Plate  III),  are  breeding  quite  abun- 
dantly in  many  parts  of  this  country;  and  by  referring  to  the 
accompanying  photographs,  particularly  the  ones  in  profile,  it  will 
be  seen  that  there  is  quite  a  difference  between  the  malarial  and 
the  common,  or  Culex,  mosquitoes. 

Anopheles  may  easily  be  distinguished  from  the  common  or  Culex 
family  of  mosquitoes  by  the  spots  upon  their  wings,  and  also  by 
the  position  which  they  take  when  at  rest  (see  Fig.  3,  Plate  III). 

Notice  the  angle  at  which  the  insect  shown  in  Fig.  3  stands  out 
from  the  wall.  Comparethis  with  Fig.  4,  Plate  III.  It  will  also  be 
seen  that  the  proboscis,  or  "stinger,"  and  the  body  of  Anopheles 
form  a  straight  line,  while  the  Culex  is  rather  humpbacked.  The 
other  Anopheles  maculipennis  does  not  stand  out  from  the  wall  at 
quite  such  an  angle  as  does  punctipennis;  but  like  the  latter  its 
proboscis  and  body  form  a  straight  line,  and  the  angle  formed  by 
the  insect  when  at  rest  is  much  greater  than  that  of  the  Culex. 

Notice  how  different  is  the  resting  position  of  the  mosquito  in 
Fig.  4  from  that  of  Anopheles  in  Fig.  3,  Plate  III. 
,  The  male  mosquito  (see  Fig.  5,  Plate  III)  never  bites.  He  may 
be  easily  distinguished  by  his  large  and  feathered  antennae  and 
palpi,  which  are  very  much  more  prominent  than  those  of  the 
female. 

There  is  another  mosquito,  Stegomyia  fasciata,  which  in  form 
and  habits  closely  resembles  Culex,  in  which  genus,  until  quite 
recently,  it  was  classed.  Stegomyia  fasciata  is  the  yellow  fever 
mosquito,  and  it  inhabits  only  the  warmer  portions  of  this  coun- 
try. It  is  common  in  most  of  our  southern  states,  and  is  seldom 
seen  north  of  the  Carolinas.  It  is  easily  distinguished  from  other 
mosquitoes  by  the  conspicuous  silvery  white  stripes  upon  its 
thorax  and  abdomen,  and  by  the  white  bands  upon  its  legs. 

Fortunately  for  mankind,  nature  herself  provides  many  ener- 
getic workers  which  are  constantly  doing  their  part  towards  hold- 
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ing  ill  check  these  insect  pests.  Foremost  among  these  natural 
enemies  are  many  of  the  insectivorous  birds,  which  daily  destroy 
many  thousands  of  mosquitoes.  The  swallows,  the  fly-catchers, 
the  night-hawks,  and  the  whip-poor-wills,  all  are  insect  exter- 
minators, whose  good  work  in  this  connection  is  seldom  taken 
into  account.  The  bat  is  also  an  efficient  mosquito  hunter;  so, 
too,  are  the  dragon  flies  which  frequent  the  shores  of  ponds  and 
pools  where  mosquitoes  breed. 

Besides  these  enemies  of  the  adult  mosquito,  which  may  prop- 
erly be  called  their  "foes  of  the  air,"  mosquitoes  have  other  ad- 
versaries which  destroy  them  in  their  early  stages.  These  may 
be  termed  their  "foes  of  the  water." 

It  often  happens  that  we  can  find  no  "mgglers"  in  small  ponds 
in  which  we  would  naturally  expect  to  find  mosquitoes  breeding. 
In  such  ponds  the  presence  of  fish  may  account  for  the  absence  of 
mosquitoes.  Their  larvae  furnish  food  for  many  species  of  our 
smaller  fishes,  and  by  them  myriads  of  mosquitoes  are  annually 
destroyed.  Goldfish  are  particularly  fond  of  mosquito  'Svigglers," 
and  the  pair  of  fish  in  the  illustration  (see  Fig.  1,  Plate  IV)  were 
seen  to  eat  ninety-eight 'Svigglers"  in  four  minutes.  Goldfish  will 
live  and  multiply  in  almost  any  small  and  shallow  pond  in  this 
vicinity,  where  the  water  is  warm.  They  are  perfectly  hardy  and 
will  thrive  just  as  well  and  perhaps  better  in  stagnant  water 
than  they  will  in  flowing  streams. 

■  The  "top  minnow,"  the  roach,  the  sunfish  or  "pumpkin  seed," 
and  even  the  sluggish  hornpout,  all  play  an  important  part  in 
reducing  the  numbers  of  mosquito  "wigglers."  Besides  the 
fishes,  there  are  other  "foes  of  the  water"  that  prey  upon  mos- 
quito larvae.  Many  of  the  predatory  water  bugs  feed  upon 
them.  Prof.  J.  B.  Smith,  in  the  report  previously  referred 
to,  says  that  "among  these  predatory  insects  which  abound  in 
shallow,  permanent  bodies  of  water  wherever  there  is  vegetation, 
the  water  boatman  (Corisa  and  Notonecta),  the  water  striders  or 
'skate  bugs'  (Hydrobatidce)  and  the  water  scorpions  (Nepidoe 
belostomatidce)  deserve  mention."  He  also  speaks  of  the  "water 
tiger,"  the  larva  of  the  large  water  beetle  (Dytiscus),  and  tells 
of  its  ability  to  clear  Qtdex  larva:^  from  pools  of  water. 

In  this  connection  a  brief  descn])tion  of  a  newly  discovered 
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Fig.  1.  —  Goldfish  eating  niosciuito  larv:i'.  Lite  bi/.c.  TliL&e  two  fish  were  been  to  eat  ninety-eight  "  wig- 
glers"  in  four  minutes.  They  :il\\a>  -  fed  ui)on  mosquito  larva-  when  they  could  get  them  in  preference 
to  prepareil  goldfisli  food. 


Fig. -2.  —  Larva  Eucorethra  umJerwoodi.     Dorsal  view.    Original  drawing.    Six  times  as 
large  as  life. 
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mosquito,*  to  which  has  been  given  the  name  Eucorethra  under- 
woodi,  should  be  of  interest,  since  it  has  been  found  that  their 
larvae  devour  the  wigglers  of  other  mosquitoes,  and  unlike  other 
mosquitoes,  the  adult  female  insect  does  not  bite.  As  the  pro- 
boscis of  this  insect  is  so  formed  that  it  cannot  puncture  the  skin, 
it  should  not  perhaps  be  called  a  true  mosquito,  though  it  has 
been  classed  as  one,  since  it  belongs  to  the  family  Culicidce. 

The  larvfe  of  this  insect  were  found  by  the  author  on  January 
27,  1903,  in  the  Maine  woods  in  the  eastern  section  of  Penobscot 
County,  and  were  discovered  in  a  spring  of  w^ater  from  which  a 
crew  of  lumbermen  were  getting  their  water  supply.  A  few  days 
later,  other  larvte  of  the  same  species  were  found  in  a  similar 
spring  about  eight  miles  distant,  though  in  this  case,  as  the  spring 
was  not  in  use,  its  surface  was  covered  with  a  coating  of  ice  an 
inch  thick.  The  temperature  of  the  water  at  the  bottom  (it  was 
about  two  feet  deep)  was  42°  F. 

At  first  sight  this  larva  would  be  taken  for  an  Anopheles  of 
extraordinary  size,  as  it  is  of  the  same  general  shape,  and  when 
the  water  was  cleared  of  ice,  it  lay  just  beneath  and  parallel  to 
the  surface,  breathing  through  a  short  respiratory  siphon,  as  is 
characteristic  of  the  larvae  of  Anopheles.  In  this  spring  a  barrel 
had  been  sunk,  and  in  the  fifty  gallons,  or  thereabouts,  of  water 
which  it  contained,  there  were  twenty-five  larvae.  They  were  all 
of  about  the  same  size  —  12  to  14  mm.  long  —  and  almost  black 
in  color.  All  were  secured  and  taken  into  camp  for  further  in- 
vestigation. 

Close  observation  of  the  larvae  showed  that  iDesides  being  much 
larger  (12  to  14  mm.  long  instead  of  5  to  7  mm.),  they  differed  in 
many  other  particulars  from  the  larvae  of  Anopheles  (see  Fig.  2, 
Plate  IV).  In  proportion  to  the  rest  of  its  body,  its  head  is  larger 
than  the  head  of  Anopheles.  It  does  not  turn  its  head  upside  down 
when  feeding  as  does  Anopheles.  Its  mandibles  are  strikingly  large 
and  powerful,  and  are  prominently  toothed.  It  lacks  the  frontal 
tufts  or  brushes  which  are  conspicuously  present  in  Anopheles,  and 
its  antennae,  which  extend  directly  forward  parallel  with  the  sides 
of  the  head,  are  much  longer  and  more  slender,  and  are  tipped 

^  *  Under  the  title  "  A  New  Mosquito  "  a  description  of  this  mosquito  appeared  in  Science, 
August  7,  New  Series,  Vol.  XVIII,  No.  449. 
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each  with  three  hairs  of  equal  size.  The  thorax  is  broadly  ellip- 
tical, and  is  much  wider  in  comparison  with  its  abdominal  seg- 
ments than  is  the  thorax  of  Anopheles.  The  sides  of  the  thorax 
and  the  abdominal  segments  bear  fan-shaped  tufts  of  hairs,  not 
plumosed  as  in  Anopheles.  The  tufts  on  the  last  segments,  both 
dorsal  and  ventral  (see  Fig.  1,  Plate  V),  are  more  profuse  in 
Eucorethra  than  in  Anopheles,  especially  the  ventral  tuft,  which  in 
Eucorethra  occupies  nearly  the  wdiole  segment.  Only  two  anal 
papillfe  are  present,  while  Anopheles  has  four. 

A  few  days  before  the  author  returned  to  Boston,  several  larvae 
died  and  three  changed  to  pupce.  The  pupa  resembles  that  of 
Culex  (see  Fig.  2,  Plate  V),  rather  than  of  Anopheles,  and  its 
respiratory  siphons  are  of  the  same  shape  as  those  of  Culex.  When 
stretched  out  at  full  length,  the  pupa  measures  10  mm. 

On  reaching  home,  the  new  wigglers,  eighteen  in  number,  were 
put  into  a  quart  jar  which  was  placed  near  a  window  where  it 
would  receive  the  sunlight  for  two  hours  each  morning.  The 
temperature  of  the  water  now  averaged  about  70°  F.,  and  with 
this  change  the  larvae  developed  a  new  trait, —  they  began  to  eat 
each  other  up.  The  act  was  witnessed  on  several  occasions. 
The  larva  would  grasp  its  adversary  just  forward  of  the  respira- 
tory siphon  with  its  pow^erful  mouth  parts,  and  working  the  tail 
in  first,  it  would  gradually  swallow  its  victim,  shaking  it  now  and 
then  as  a  terrier  would  shake  a  rat. 

After  losing  many  of  the  insects  in  this  way,  those  that  re- 
mained were  separated,  and  each  individual  was  placed  in  a  small 
bottle  by  itself.  Eventually,  I  succeeded  in  rearing  a  number  of 
males  and  females.  The  pupal  stage  of  this  insect  varies  from 
five  days  and  nine  hours  to  six  days  and  ten  hours.  The  adult 
(see  Fig.  3,  Plate  V),  resembles  Anopheles  in  having  maculated  or 
spotted  wings,  but  is  much  larger  and  measures  eleven  millimeters 
in  length.  Its  mouth  parts,  however,  are  not  adapted  for  biting. 
A  full  description  of  the  imago  is  soon  to  be  recorded  by  Mr.  D. 
W,  Coquillett,  of  the  National  Museum,  by  whom  the  name  above 
mentioned  was  given. 

During  a  visit  to  Maine  in  Jime,  a  large  number  of  larva3  of 
Eucorethra  were  taken  from  the  spring  where  the  barrel  had  been 
sunk.     It  was  noticeable  that  larvae  of  other  kinds  of  mosquitoes 
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Fig.  l.-l.asl  segment  ni  larva 
prolile.  Original  d rawing. 
Six  times  as  large  as  life. 


Fig.  -2.  —  I'lipa  Eiicorethra  itmleriroodi.  Origi- 
nal drawing.  About  eiglit  limes  as  large  as 
life. 


Fig.  3.  —  Eucorethra  uiulertvoodi.   Coquillett  Af.S.    Origi- 
nal drawing.    Four  times  as  large  as  life. 
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were  absent,  although  the  adults  were  very  numerous  in  the  im- 
mediate vicinity. 

The  absence  of  other  mosquito  larva  was  accounted  for  when 
later  it  was  discovered  that  the  larvse  of  Eucorethra  fed  upon  the 
larvae  of  other  mosquitoes,  eating  them  apparently  with  great 
relish.  On  several  occasions  fourteen  Eucorethra  larvae  ate,  dur- 
ing the  night,  sixty  Culex  larva  out  of  the  seventy  that  had  jjeen 
placed  in  the  water  with  them.  When  eating  the  larva;  of  mos- 
quitoes smaller  than  themselves,  the  victim  is  caught,  shaken 
violently  a  few  times,  and  swallowed  in  a  few  seconds  in  very 
much  the  same  way  that  a  pickei-el  would  catch  and  swallow  a 
smaller  fish. 

As  yet  no  experiments  have  been  made  to  see  if  this  new  species 
will  devour  the  larva  of  Anopheles  as  readily  as  they  will  those  of 
Culex.  Whether  or  not  this  species  will  thrive  in  the  climate  of 
southern  New  England  is  as  yet  uncertain,  but  experiments  are 
now  being  carried  on  to  determine  this  point. 

Although  m^aiads  of  mosquitoes  are  destroyed  by  the  natural 
enemies  which  have  been  mentioned,  man  should  be  the  most 
destructive  foe  of  these  insects.  There  is  no  doubt  that  the 
mosc{uito  pest  may  be  very  largely  abated  by  the  employment  of 
scientific  methods  for  causing  its  destruction  in  the  early  stages 
of  its  development. 

While  it  is  the  duty  of  boards  of  health  to  recognize  mos(jui- 
toes  as  active  agencies  for  the  dissemination  of  certain  diseases 
and  to  take  such  measures  as  are  possible  for  their  extermination, 
the  work  can  never  be  effectively  done  until  the  people  of  each 
community  are  fully  informed  in  regard  to  the  life  history  of  the 
mosquito,  so  that  all  may  cooperate  intelligently  to  secm'e  its 
destruction. 

DISCUSSION. 

Mr.  Freeman  C.  Coffin.*  I  should  like  to  ask  a  question. 
We  understand  that  in  the  economy  of  nature  there  is  a  use  for 
everything,  and  I  should  like  to  ask  the  speaker  of  what  use  are 
mosquitoes. 

*  Civil  Engineer,  Boston,  Mass. 
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Mr.  Underwood.  I  think  it  is  generally  understood  that  there 
is  a  use  for  everything  in  the  economy  of  Nature,  but  the  only 
thing  I  can  see  that  mosquitoes  are  of  use  for  is  as  food  for  ducks 
and  fish,  and  as  ducks  and  fish  are  eaten  by  us,  perhaps  in  a  round- 
about way  mosquitoes  may  be  of  some  use  to  us;  but  I  think  I 
would  risk  losing  my  fish  and  ducks  in  order  to  be  freed  from  the 
mosquitoes.     I  don't  think  they  are  of  any  use. 

Mr.  RoBER'i  J.  Thomas.*  I  shovild  like  to  ask  if  tobacco 
smoke  will  drive  mosquitoes  away? 

Mr.  Underwood.  Tobacco  and  cigar  smoke  does  have  a 
very  good  effect.  I  think  if  you  were  to  burn  tobacco  on  the 
piazza  in  the  same  way  that  you  do  pyrethrum  powder  it  would 
possibly  be  more  effective  in  driving  the  mosquitoes  away.  All 
of  us  who  smoke  know  that  mosquitoes  keep  away  from  us  if  we 
are  smoking,  but  tobacco  smoke  is  not  pleasant  to  some  people. 
When  collecting  mosquitoes  in  the  woods,  I  have  a  little  glass  jar 
with  me  and  I  put  it  over  a  mosquito  when  it  is  liiting,  and  then 
puff  a  little  tobacco  smoke  into  the  jar  and  in  a  very  few  minutes 
the  mosquito  is  dead. 

Mr.  Frank  L.  Fuller.!  I  would  like  to  in(|uire  as  to  the 
quantity  of  kerosene  oil  needed  per  acre. 

Mr.  Underwood.  I  am  not  a  very  good  mathematician.  An 
ounce  of  oil  will  cover  15  square  feet,  and  from  that  you  can  figure 
how  much  it  will  take  for  an  acre.  In  the  photograph  I  showed 
you  of  course  the  oil  was  very  much  thicker  than  would  have  to 
be  used,  but,  as  I  say,  an  ounce  to  15  square  feet,  although  it  will 
not  make  a  very  deep  film,  will  be  enough.  You  know  that  if 
you  put  a  few  drops  of  oil  on  water  you  ■wdll  see  a  blue  film,  and 
wherever  you  see  that  film  you  won't  see  any  mosquitoes.  I  am 
told  that  in  the  oil  fields  of  Pennsylvania  years  ago,  before  oil  was 
discovered,  there  were  a  great  many  mosquitoes,  and  it  is  said  that 
now  around  the  oil  fields  they  never  have  any.  The  pools  of 
water  are  all  covered  with  a  film  of  oil  and  the  mosquitoes  cannot 
breed  in  them.  I  am  told  this  by  people  who  have  lived  there, 
and  while  it  may  not  be  true  it  seems  very  natural  to  me  that  it 
should  he  so. 

*  Superintendent  of  Water  Works,  Lowell,  Mass. 
t  Ci\il  Eiijfiiieer,  Boston,  Mass. 
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Mr.  Harrison  P.  Eddv.*  In  coiuioctioii  with  some  experi- 
ments with  sewage  last  suniiner  I  had  a  tank  about  10  feet  long, 
3  feet  wide,  and  6  feet  dee]),  which  was  fiUed  with  sewage.  This 
was  agitated  violently  about  half  an  hour  at  a  time  four  times  a 
day,  and  the  surface  of  the  water  was  entirely  covered  with  a 
film  of  oil,  quite  a  thick  film,  so  thick  that  if  you  dipped  a  pencil 
into  it  the  pencil  showed  the  traces  of  the  oil.  Mosquitoes  bred 
there  very  rapidly,  and  did  not  seem  to  be  affected  either  by  the 
oil  or  by  the  agitation.  Now,  I  would  like  to  ask  if  the  two  reme- 
dies which  Mr.  Underwood  has  told  us  of  are  always  unfailing? 

Mr.  Underwood.  How  did  the  water  get  into  the  tank? 
Did  it  come  from  the  sewer? 

Mr.  Eddy.  Right  from  the  sewer.  It  was  an  experimental 
tank  and  was  connected  with  the  main  trunk  sewer. 

Mr.  Underwood.  And  the  oil  was  put  on  to  keep  the  mosqui- 
toes away? 

Mr.  Eddy.  No;  the  oil  was  a  natural  oil  which  came  to  the 
surface  of  the  sewage.  The  tank  was  exposed  to  the  sun,  and 
probably  a  temperature  of  about  70  degrees  was  maintained  dur- 
ing the  daytime. 

Mr.  Underwood.  You  might  account  for  the  mosquitoes 
coming  there.  The  agitation  itself  would  not  prevent  them.  In 
the  hour  or  two  which  intervened  between  one  agitation  and 
another  a  good  many  hundred  mosquitoes  could  deposit  their 
eggs,  and  the  agitation  afterwards  would  not  hurt  the  eggs  or  the 
wigglers.  If  the  agitation  occurred  about  the  time  the  pupiie 
were  going  to  split  and  the  adults  come  out,  it  would  kill  the 
mosquitoes.  The  oil  was  not  kerosene,  and  it  depends  upon  the 
kind  of  oil.  Kerosene  oil  and  one  other  oil,  I  don't  at  the  moment 
remember  what  it  is,  are  mosquito  exterminators,  but  I  think  a 
large  majority  of  oils  would  not  have  any  effect  in  killing  them. 

Mr.  S.  a.  Agnew.  How  often  is  it  necessary  to  treat  the  pools 
with  oil? 

Mr.  Underwood.  They  should  be  treated  on  an  average  of 
every  two  weeks.  The  average  length  of  time  from  the  egg  to 
the  adult,  as  I  said,  in  very  warm  weather  is  about  ten  days,  and 
it  is  the  rule  to  treat  the  pools  about  every  two  weeks;  that  has 

*  Suiierintendent  of  Sewers,  Worcester.  Mass. 
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been  found  to  be  effective.  I  would  suggest  to  Mr.  Eddy  that  if 
liis  experiments  are  carried  on  another  summer,  if  he  will  put 
kerosene  oil  upon  the  tank  I  think  he  will  find  that  he  will  not 
have  any  mosquitoes  there,  unless  the  agitation  should  be  so 
violent  as  to  carry  the  oil  down  into  the  water  or  cause  it  to  evapo- 
rate or  something  of  that  kind.  It  seems  to  me  that  if  kerosene 
oil  were  put  on  it  would  not  be  possible  for  mosquitoes  to  breed 
there. 

Mr.  Eddy.  It  occurred  to  me  whether  the  agitation  wouldn't 
give  them  sufficient  oxygen. 

Mr.  Underwood.     I  think  it  might  well  be  so. 

Mr.  Eddy.  The  water  was  violently  agitated  for  periods  of 
half  an  hour,  compressed  air  being  used  under  a  pressure  of  five 
or  six  pounds. 

Mr.  Underwood.  I  think  that  might  have  a  very  decided 
effect;  perhaps,  would  give  them  enough  oxygen  even  if  kerosene 
were  used  upon  the  surface. 

Mr.  F.  W.  Dean.*  Mr.  Underwood  spoke  about  the  natural 
enemies  of  mosquitoes,  and  I  would  ask  him  if  he  is  aware  of  the 
effect  of  the  plant  called  sun-dew  as  a  destroyer  of  mosquitoes? 

Mr.  Underwood.  I  have  heard  about  it  but  I  am  not  familiar 
with  it. 

Mr.  Dean.  I  don't  know  whether  the  plant  grows  about  here 
or  not,  but  in  1881  and  1882  I  was  on  the  island  of  Campobello 
off  Eastport,  Maine,  and  Professor  Shaler  was  concerned  in  the 
survey  also.  He  discovered  that  the  sun-dew  grew  in  Campo- 
bello in  considerable  quantities,  and  the  Pi'ofessor  being  quite 
original,  as  you  know,  and  bringing  mathematics  and  other 
sciences  to  his  aid  as  may  seem  desirable,  made  an  estimate  of 
the  number  of  patches  of  sun-dew  there  were  on  the  island  and 
the  number  of  dead  mosquitoes  he  found  on  the  plants,  and  he 
figured  up  that  in  a  year  365  000  000  mosquitoes  were  killed  on 
the  island  of  Campobello  by  the  suii-dcnv. 

Mr.  Underwood.  You  have  probably  noticed,  if  you  have 
been  at  Campobello  at  certain  seasons  of  the  year,  that  there  are 
plenty  of  them  left. 

Mr.  Fuller.     I  should  like  to  ask  Mr.  Underwood  how  it  is 

*  Mechanical  Engineer,  Boston,  Mass. 
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that  some  years  there  seem  to  be  a  great  many  more  mosquitoes 
than  there  are  other  years.  At  my  house  this  last  summer  we 
were  very  much  troubled  with  them.  There  was  no  stagnant 
water  and  there  were  no  pools  of  water  anywhere  about,  and  I 
don't  know  of  any  tin  cans  or  anything  of  that  kind  lying  around 
to  hold  water,  and  yet  it  seemed  to  me  that  we  had  ten  times  as 
many  mosquitoes  last  summer  as  we  ever  had  before.  I  would 
like  to  get  some  idea  what  the  cause  might  have  been. 

Mr.  Underwood.  The  conditions  last  summer  were  very 
favorable  for  mosquitoes  and  unfavorable  for  us.  We  had  periods 
of  rain  in  June  which  extended  for  a  long  while,  which  made  more 
than  the  average  number  of  puddles  for  mosquitoes  to  breed  in. 
After  that  we  had  very  warm  weather  for  quite  a  long  while  and 
the  eggs  which  had  been  deposited  in  these  puddles  came  to 
maturity,  and  we  had  swarms  of  them  all  over  this  eastern  section 
of  the  country.  It  was  merely  that  the  weather  conditions  were 
just  right  last  summer  for  the  breeding  of  mosquitoes.  Of  course, 
in  an  exceptionally  dry  summer  we  won't  have  many  mosquitoes, 
because  the  pools  will  dry  up,  but  last  summer  conditions  were 
just  right  for  them.  Mosquitoes  will  travel  quite  long  distances 
under  certain  conditions,  where  a  prevailing  wind  is  blowing,  not 
violently  but  rather  moderately,  for  many  hours.  Mosquitoes 
have  been  known  to  travel  under  those  conditions  20  or  30  miles. 
Vessels  coming  in  towards  the  Jersey  coast  will  meet  the  typical 
Jersey  mosquito  that  distance  out  at  sea. 

Mr.  Agnew.  Have  you  ever  hfeard  of  the  castor  bean  being 
used  to  drive  away  mosquitoes? 

Mr.  Underwood.     I  have  read  of  it. 

Mr.  Agnew.  I  have  lived  in  the  South  a  good  many  years, 
in  the  south  of  Florida,  where  they  are  troubled  with  a  great  many 
mosquitoes,  and  it  was  a  practice  among  the  natives  there  to  use 
the  castor  bean  to  drive  away  mosquitoes.  Personally  I  never 
saw  that  it  did  any  good,  but  I  know  it  was  used  by  the  natives. 

Mr.  Underwood.     Castor  oil  is  very  effective. 

Mr.  Agnew.     This  was  the  castor  bean  just  as  it  grows. 

Mr.  Underwood.  I  don't  know  about  the  castor  bean,  but 
I  know  that  castor  oil  is  effective. 
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SOME    NOTES    ON    COST    OF    WATERPROOFING    THE 
CONCRETE    LINING    OF    RESERVOIRS. 

BY     W.     C.     HAWLEY,     CHIEF     ENGINEER     AND     GENERAL    SUPERIN- 
TENDENT PENNSYLVANIA  WATER  COMPANY,   AVILKINSBURG,   PA. 

[Read  Jatiuary  13,  1904.] 

Concrete  has  been  very  commonly  used  for  lining  reservoirs  for 
the  storage  of  water.  For  this  purpose  it  is  laid  like  a  pavement, 
generally  about  six  or  eight  inches  thick,  on  a  layer  of  puddle. 
The  concrete  is  usually  of  good  quality  and  the  top  surface,  from 
one-half  to  one  inch  thick,  is  a  rich  mortar,  carefully  troweled 
and  ironed.  This  gives  a  clean,  hard,  durable  surface,  of  good 
color  and  appearance,  but  it  is  not  waterproof,  and  for  this  quality 
dependence  is  put  upon  the  puddle.  To  prevent  leakage,  the 
concrete  is  sometimes  given  a  coating  of  asphalt  or  other  imper- 
vious material;  but  this  is  not  making  the  concrete  waterproof, 
but  preventing  the  water  from  coming  in  contact  with  the  con- 
crete. It  is  a  very  expensive  operation  and  renders  the  reservoir 
unsightly,  especially  if,  as  frequently  happens,  the  heat  of  the  sun 
causes  the  asphalt  to  soften  and  run. 

Concrete  is  made  up  of  a  mixture  of  various  ciuantities  of 
broken  stone  or  gravel,  sand,  and  cement.  The  theory  of  the 
mixture  is  that  the  finer  particles  fill  in  the  voids  between 
those  that  are  coarser,  and  by  a  proper  mixture  a  practically 
solid  mass  results.  The  limit  is  the  degree  of  fineness  to  which 
the  cement  is  ground.  Experiment  has  shown  that  by  great 
care  small  amounts  of  concrete  can  be  made  which  are  practi- 
cally impermeable,  but  it  is  not  possible  to  make  concrete  in  large 
amounts  which  shall  all  be  waterproof;  and  even  if  it  could  be 
one,  it  would  be  too  expensive. 

What  is  needed  is  some  way  of  filling  the  minute  spaces  which 
allow  the  water  to  pass  through  the  concrete.  If  the  leakage 
will  not  endanger  the  stability  of  the  reservoir,  and  the  value  of 
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the  water  in  the  reservoir  is  small,  the  loss  may  be  permitted,  and 
the  concrete  may  ultimately  become  tight  by  retaining  the  silt 
or  solid  matter  which  is  filtered  out  of  the  water  which  passes 
through. 

The  United  States  Government  has,  in  recent  years,  used  Un- 
seed oil  to  render  concrete  waterproof.  The  surface  of  the  con- 
crete is  cleaned  and  must  be  dry.  Two  coats  of  linseed  oil  are 
then  applied,  the  second  after  the  first  has  dried.  The  oil  soaks 
into  the  concrete,  and,  upon  oxidizing,  it  fills  the  voids  and  renders 
the  concrete  waterproof.  This  is  an  expensive  process,  how- 
ever, and  its  lasting  quahties  are  yet  to  be  proved. 

The  oldest  and  probably  the  most  satisfactory  means  of  ren- 
dering concrete  (or  other  masonry)  waterproof  is  what  is  known 
as  the  Sylvester  process,  and  consists  of  applying  a  wash  of  a 
solution  of  soap,  which  is  allowed  to  soak  into  the  surface  of  the 
concrete,  and  is  then  followed  by  a  wash  of  a  solution  of  alum. 
The  soap  enters  the  voids  of  the  concrete  and  is  followed  by  the 
alum.  Where  these  two  unite  the  chemical  action  precipitates 
an  insoluble  compound,  which  fills  the  voids  in  the  concrete  and 
renders  it  impermeable.  It  is  this  method  and  some  variations 
of  it  to  which  this  paper  would  call  attention. 

In  a  paper  read  before  the  American  Society  of  Civil  Engineers, 
in  May,  1870,  Mr.  William  L.  Dearborn  described  the  use  of  Syl- 
vester's soap  and  alum  process  as  used  for  waterproofing  some 
of  the  walls  of  the  gate  houses  of  the  Croton  Reservoir  in  Central 
Park,  New  York  City.  This  w^ork  had  been  done  in  1863,  and 
the  results  obtained  arc  stated  to  have  been  entirely  satisfactory. 

It  seems  strange  that  so  simple  a  process  should  have' been 
known  for  so  many  years  and  should  not  have  come  into  more 
general  use.  Possibly  the  cost  of  doing  the  work,  which  is  stated 
to  have  been  10.06  cents  per  square  foot,  has  deterred  others 
from  using  it.  In  view  of  the  cost  of  some  recent  work  of  this 
kind,  it  would  be  interesting  to  know  what  the  materials  cost  in 
1863,  and  how  it  was  possible  to  spend  ten  cents  per  square  foot. 
The  process  is  now  coming  into  very  general  use,  and  its  cost 
and  the  cost  of  some  modifications  of  it  may  prove  of  interest. 

About  a  year  ago  the  Apollo  Water  Works  Company  con- 
structed a  slow  sand  filtration  plant.     The  water,  after  being  fil- 


178  WATERPROOFING  CONCRETE. 

tered,  passed  into  a  covered  concrete  clear  water  well  or  reservoir, 
which,  after  completion,  was  found  to  leak.  Mr.  Edward  Cun- 
ningham, the  assistant  engineer  in  charge  of  construction,  con- 
ceived the  idea  of  making  it  water  tight  by  plastering  the  inside 
surfaces  with  a  mortar  in  which  the  soap  and  alum  were  mixed. 
The  soap  —  a  light-colored  soft  soap  —  was  dissolved  in  the 
water  in  a  proportion  of  one  and  a  quarter  pounds  of  soap  to  fif- 
teen gallons  of  water.  Three  pounds  of  powdered  alum  were 
added  to  and  mixed  with,  each  bag  of  cement.  The  mortar  was 
mixed  in  the  proportion  of  two  parts  of  sand  and  one  of  cement, 
and  moistened  with  the  water  in  which  the  soap  had  been  dis- 
solved. Two  coats  of  plaster  were  applied,  with  a  total  thick- 
ness of  about  one-half  inch.  Adding  soap  and  alum  improved 
the  working  qualities  of  the  mortar,  and  the  only  difficulty  ex- 
perienced was  on  account  of  the  intensely  disagreeable  odor  while 
the  mortar  was  being  applied.  This  nauseated  the  masons  occa- 
sionally, but  did  not  last  but  a  few  days.  It  was  probably  caused 
by  the  quality  of  soap  used  and  because  the  work  was  done  in 
an  enclosed  space.  The  mortar  was  appHed  when  the  walls  were 
dry,  and  the  results  were  entirely  satisfactory.  The  walls  which 
leaked  badly  before  have  been  to  all  appearances  perfectly  tight 
since. 

The  cost  of  this  waterproofing  in  a  one  to  two  mixture  was  as 
follows : 

Soap,  2  pounds  (with  24  gallons  of  water)  ....  @  $0.07*  $0.15 
Alum  12  pounds @  .03^  .42 


Total,  per  barrel  of  Portland  cement  used    .  $0 .  57 

By  purchasing  in  larger  lots  and  a  cheaper  grade  of  soap,  this 
cost  could  probably  be  reduced  to  from  forty  to  forty-five  cents 
per  barrel  of  cement  used. 

The  question  might  be  asked,  "  What  effect  does  the  soap  and 
alum  have  upon  the  setting  and  strength  of  the  cement? ''  This 
depends  upon  the  amount  of  soap  and  alum  used.  The  amounts 
used  as  above  possibly  delay  the  time  of  setting  slightly.  The 
alum  would  increase  the  strength  of  the  cement,  as  shown  by 
experiment,  as  much  as  50  per  cent.     The  soap  would  reduce  the 
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strength  of  the  cement  slightly^  and,  if  used  in  considerable  quan- 
tity, would  cause  checking  and  cracking  of  the  cement.  Used 
together,  it  is  doubtful  if  the  strength  of  the  cement  is  altered 
appreciably,  as  one  acts  chemically  upon  the  other,  thus  neu- 
tralizing the  effects  of  both. 

A  few  months  ago  it  became  necessary  to  make  some  repairs 
to  what  is  known  as  Reservoir  No.  2  of  the  Pennsylvania  Water 
Company,  which  is  located  back  of  Braddock.  In  the  course  of 
the  work  it  was  found  that  in  places  the  concrete  had  been  laid 
directly  on  the  rock,  which  was  a  seamy  shale,  and  that  the  con- 
crete was  of  a  poor  quality,  from  four  to  six  inches  in  thickness. 
It  was  deemed  advisable  to  try  to  make  this  concrete  waterproof, 
and  the  process  was  the  "  Sylvester"  process,  as  described  by 
Dearborn.  The  soap  solution  was  made  of  what  is  called  Olean 
soap,  in  a  proportion  of  three  fourths  of  a  pound  of  soap  to  one 
gallon  of  water,  and  the  alum  solution  was  made  of  one  half  pound 
of  alum  and  four  gallons  of  water.  Both  the  soap,  and  alum  were 
perfectly  dissolved,  the  soap  solution  being  boiled  in  order  to  in- 
sure this  result.  The  surface  of  the  concrete  was  swept  and 
scrubbed  in  places,  and,  after  it  was  perfectly  clean  and  dry,  a 
wash  of  the  soap  solution  was  apphed,  it  being  put  on  at  a  boihng 
temperature.  Twenty-four  hours  later  this  was  followed  with  a 
wash  of  alum,  and,  after  another  twenty-four  hours  a  second  wash 
of  soap,  and  twenty-four  hours  later  a  second  wash  of  alum  was 
applied.  In  applying  these  washes  four  sets  of  men  were  used, 
three  men  in  each  set.  Two  men  applied  the  solution  with  white- 
wash brushes,  while  the  third  carried  the  solution  to  them  in  a 
pail.  In  making  the  soap  solution  it  was  necessary  to  have  two 
men  attend  to  the  four  kettles  used  to  dissolve  the  soap,  two  men 
to  carry  the  solution  to  the  men  using  it,  and  one  man  to  keep  up 
the  fires.  The  preparation  of  the  alum  solution  did  not  require 
so  many  men,  as  it  was  only  necessary  to  put  the  right  amount 
of  alum  into  a  barrel  of  water  and  dissolve  it,  with  occasional 
stirring.  After  applying  the  second  wash  of  soap,  it  was  found 
that  the  concrete  on  the  slope  was  very  slippery,  and  that  the 
men  could  only  work  on  it  while  being  held  by  a  rope  secured  to 
the  top  of  the  bank.  The  rope  was  placed  around  two  men,  and 
they  started  at  the  top  of  the  bank  applying  the  alum  so-'ition. 
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while  the  third  man  let  out  the  rope^  as  was  necessar}^  to  allow 
the  others  to  work  down  the  slope.  The  work  was  done  in  eight 
and  a  half  days  and  cost  as  follows: 

1  140  hours  labor @$0.15  $171.00 

83      „      foreman      .   @       .30  24.90 

83      „      water-boy @       .06  4.98       1200.88 

Add  for  superintendence,  15%,  30.13 

Total  for  labor $231.01 

900  pounds    Olean  soap @  $0.04 J  $39.00 

210         „        Alum @       .03  6.30 

6  10-inch  whitewash  brushes  .    .    .    .  @     2.25  13.50 

6  stable  brushes      @     1.25  7.50           66.30 

$297 . 31 

The  area  covered  was  131  634  square  feet.  Hence  the  cost  of 
the  two  coats  each  of  soap  and  alum  was  $  2 .  26  per  thousand 
square  feet. 

When  the  reservoir  was  filled  a  slight  leak  developed,  the  water 
coming  out  below  the  outlet  pipe.  It  is  probably  the  leakage 
from  a  crack  or  cracks  in  the  concrete  lining,  and  it  is  slowly 
reducing  in  amount. 

The  concrete  lining  of  a  new  reservoir  which  has  just  been 
completed  near  Wilmerding  was  waterproofed  by  using  caustic 
potash  and  alum  in  the  finishing  coat.  A  stock  solution  was 
mixed,  using  two  (2)  pounds  of  caustic  potash  and  five  (5)  pounds 
of  powdered  alum  to  ten  (10)  quarts  of  water.  This  was  made  up 
in  barrel  lots,  from  which  three  quarts  were  taken  for  each  batch 
of  mortar  for  the  finishing  coat.  Each  batch  of  mortar  was  made 
of  two  bags  of  cement  mixed  with  twice  the  volume  of  sand,  and 
covered  an  area  about  six  feet  wide  by  eight  feet  long,  one  inch  deep. 

The  extra  cost  of  waterproofing  this  concrete  was  as  follows: 

100  pounds  caustic  potash      @  $0.10  $10.00 

70        „  „  ,;  @       .09  6.30 

960        „       powdered  alum  @  .03i,  .03f,  and  .04  34.38 

Cost  of  material $50 .  68 

1  man  mixing  material  60  hours   .    .    .    .  ^,        .15  $9.00 

Freight,  express  and  hauling 11.50  20.50 

Total .•    .  $71,18 
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The  total  area  covered  is  74  800  square  feet,  so  that  the  cost 
of  the  work  per  thousand  square  feet  was  $0.95,  which  shows 
that  it  is  much  less  expensive  to  mix  the  alum  and  soap  or  potash 
with  the  mortar  while  la3'ing  the  lining  than  it  is  to  put  it  on  with 
brush  afterwards.  The  result  obtained  is  also  much  better,  as 
the  waterproofing  material  extends  all  through  the  top  coat, 
whereas  if  put  on  by  brush,  it  only  penetrates  for  perhaps  a  six- 
teenth or  an  eighth  of  an  inch. 

The  addition  of  the  waterproofing  mixture  gave  the  finishing 
coat  a  more  compact  appearance  than  it  ordinarily  has.  It  was 
found,  however,  that  if  less  than  two  of  sand  to  one  of  cement 
was  used  in  the  mortar,  the  finishing  coat  checked  in  setting. 
It  was  also  found  necessary  to  use  only  a  clean  sand,  as  any 
organic  impurities  soon  decomposed  and  left  soft  spots  on  the 
surface  where  they  had  been. 

Experiments  show  that  care  must  be  exercised  to  avoid  using 
too  much  potash,  as  it  not  only  has  this  effect  on  any  organic 
matter  which  may  be  present,  but  it  will  cause  checking  or  crack- 
ing of  the  finishing  coat,  and  reduces  the  strength  of  the  cement. 
A  slight  excess  of  alum,  however,  is  not  objectionable,  as  it 
increases  the  strength  of  the  cement. 

It  was  expected  that  the  new  reservoir  would  have  been  in 
service  before  this,  but  delays  in  getting  a  new  pipe  line  laid  have 
prevented.  It  is  therefore  impossible  to  state  what  results  have 
actually  been  obtained.  However,  the  lining  appears  to  be  per- 
fect, and  we  have  every  reason  to  believe  that  the  slight  extra 
cost  of  the  attempt  to  make  the  concrete  vvaterproof  has  been  a 
good  investment. 

DISCUSSION. 

Mr.  J.  Waldo  Smith.*  This  description  of  the  different 
methods  of  rendering  porous  concrete  water  tight  has  been  most 
interesting,  but  the  writer  is  very  strongly  of  the  opinion  that  if 
concrete  is  mixed  in  proper  proportions  no  waterproofing  of 
any  kind  is  necessary.  But,  in  order  to  attain  this  result,  the 
mixture  should  be  properly  balanced,  and  it  should,  also,  in  his 
opinion,  be  mixed  very  wet. 

*  Chief  Engineer  Croton  Aqueduct  Commission,  New  York  City. 
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In  work  coming  directly  under  his  charge,  he  has  had  occasion, 
in  the  laiit  few  years,  to  use  large  quantities  of  concrete  in  places 
requiring  absolute  water  tightness,  and  has  not  found  any  diffi- 
culty in  achieving  this  result  without  the  use  of  waterproofing. 

The  best  example,  perhaps,  is  the  construction  of  the  filtration 
works  of  the  East  Jersey  Water  Company,  at  Little  Falls,  N.  J. 
In  this  plant  the  filter  tanks  proper  are  24  feet  long, 
15  feet  wide,  and  about  10  feet  deep.  The  side  walls  of  these 
tanks  are  18  inches  thick  at  the  bottom  and  6  inches  at  the  top, 
and  there  is  absolutely  no  percolation  through  the  wall.  The 
concrete  used  in  its  construction  was  mixed  exceedingly  wet,  and 
these  tanks  also  received  a  coat  of  plaster  on  the  inside.  The 
basin  walls,  having  a  head  of  44  feet  of  water  against  them,  are 
about  23  feet  thick  at  the  bottom  and  2  at  the  top,  and  are  com- 
posed of  a  mixture  of  one  part  Portland  cement,  three  parts 
sand,  and  seven  parts  of  broken  stone,  all  mixed  very  wet,  which 
has  resulted  in  an  impervious  wall. 

There  is  also  in  this  plant  a  standpipe  44  feet  high  and  10  feet 
in  diameter,  composed  entirely  of  concrete,  with,  of  course,  iron 
strengthening  rods  imbedded.  The  walls  of  this  tank  are  18 
inches  thick  at  the  bottom  and  12  inches  thick  at  the  top. 

With  a  full  head  of  water  in  this  tank,  44  feet,  the  walls  were 
tight,  and,  for  the  most  part,  perfectly  dry  on  the  outside. 

From  experience  gained  in  the  construction  of  this  plant  and 
in  other  works,  it  would  appear  that  the  most  essential  thing 
necessary  to  make  water-tight  concrete  is  to  determine  carefully 
the  ingredients  to  be  mixed  and  to  use  plenty  of  water  in  the 
mixture,  and  also  be  especially  careful  that  all  the  voids  are  filled 
ancl  the  exterior  surfaces  left  smooth. 

Mr.  Frank  L.  Fuller.  I  have  had  very  good  results  from 
using  simply  a  brush  coat  of  pure  cement,  about  the  thickness  of 
gruel,  applied  with  a  brush.  It  was  inexpensive,  and  in  a  great 
many  places  has  answered  the  purpose  very  well  indeed.  By 
putting  on  several  coats  it  is  possible,  I  think,  to  make  a  wall 
water  tight.  On  the  bottom  of  a  reservoir  I  think,  as  is  suggested 
in  the  paper,  it  is  a  good  idea  to  have  the  upper  surface  composed 
of  mortar,  of  perhaps  two  of  sand  to  one  of  Portland  cement,  and 
then  possibly  a  brush  coat  on  top  of  that,  although  if  the  bottom 
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is  of  good  material,  I  should  hardly  think  a  brush  coat  was  neces- 
sary. 

Mr.  Edward  S.  Larned.  I  do  not  know  that  I  can  add  any- 
thing to  Mr.  Smith's  remarks  on  the  imperviousness  of  well-made 
concrete.  I  cjuite  agree  with  him  that  artificial  measures  are 
not  necessary  to  make  concrete  water  tight  if  proper  care  is  used 
in  the  mixture,  and  it  is  of  the  right  proportions.  I  think  the 
results  will  be  uniformly  as  satisfactory  as  he  has  stated.  One 
of  the  greatest  difficulties  in  making  the  concrete  lining  of  a  reser- 
voir water  tight,  I  believe,  is  the  liability  to  expansion  and  con- 
traction during  the  operation  of  placing  the  concrete;  and  some 
very  interesting  experiments  have  been  made  in  connection  Avith 
the  Jerome  Park  Reservoir  to  overcome  this  difficulty,  by  coA-er- 
ing  the  work  until  completed  Avith  wet  cloths  and  sand.  Owing 
to  the  magnitude  of  that  work,  of  course  it  is  very  much  more 
difficult  to  carry  it  through  to  a  satisfactory  completion  than  in 
the  case  of  a  smaller  reservoir,  but  I  think  engineers  will  agree 
that  some  sort  of  protection  is  very  necessary. 

There  is  quite  an  interesting  discussion  of  this  topic  in  the  Au- 
gust proceedings  of  the  American  Society,  and  the  Sylvester  wash 
is  described  there  in  some  detail,  together  with  several  other  ex- 
pedients tried.  One  of  the  cement  manufacturers  has  suggested 
a  small  addition  of  lime  putty  as  being  a  verj^  valuable  aid  to  the 
impervious  qualities  of  cement  mortars.  There  is  going  to  l)e 
more  or  less  investigation  of  this  subject,  and  I  think  we  are  quite 
in  the  way  of  knowing  a  good  deal  more  about  it  in  the  very  near 
future. 

Mr.  W.  C.  Hawley  {by  letter).  It  was  not  the  intention  of 
the  writer  in  presenting  this  paper  to  recommend  the  Sylvester 
process  as  the  only  method  by  which  concrete  can  be  made  water 
tight.  He  agrees  fully  -vAith  Mr.  Smith  that  with  a  properly  bal- 
anced mixture,  put  into  place  very  wet,  the  same  end  can  be 
accomplished.  Where  the  concrete  is  built  up  in  vertical  molds, 
this  can  and  should  be  done,  but  in  lining  the  slopes  of  a  reservoir 
embankment,  say  1  on  1^  or  1  on  2,  a  very  wet  mixture  cannot 
be  used,  and  it  becomes  more  difficult  to  secure  imperviousness. 
On  a  reservoir  bottom  a  wet  concrete  can  be  used,  but  it  is  a 
question  whether  or  not  the  usual  6  or  8-inch  layer  vdW  be  water 
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tight  under  the  15  to  25  feet  or  greater  heads  to  which  such  lin- 
ings are  often  subjected.  The  alternative  is  either  to  use  a 
thicker  layer  of  concrete,  with,  its  extra  cost,  to  say  nothing  of 
either  extra  excavation  to  allow  for  the  extra  thickness,  or  a  sac- 
rifice in  capacity  of  reservoir,  or  else  to  use  some  waterproofing 
material.  It  seems  evident,  therefore,  that  if  so  simple  a  process 
as  the  one  described  in  the  paper  can  be  applied  for  a  cost  approx- 
imating SI. 00  per  thousand  square  feet,  it  is  money  well  invested. 

The  brush  coat  of  pure  cement  mentioned  by  Messrs.  Smith 
and  Fuller  is  a  very  efficient  means  of  waterproofing,  but  the 
writer's  experience  with  it  is  that  it  leaves  a  dull,  rather  rough 
appearing  surface,  instead  of  the  fine,  hard,  smooth  surface  of 
the  mortar  containing  proper  proportions  of  soap  or  lye  and  alum. 
This  would  not  be  objectionable  in  a  covered  basin,  though  if 
more  than  one  brush  coat  of  cement  were  necessary,  the  soap  and 
alum  process  —  mixing  them  in  concrete  as  it  is  made  —  would 
probably  cost  less. 

One  of  the  questions  yet  to  be  settled  is.  What  are  the  best 
proportions  of  soap  or  lye  and  alum  to  be  used?  In  determining 
this,  not  only  must  we  keep  in  mind  the  effect  of  the  mixture  in 
making  the  concrete  impervious,  but  also  its  effect  on  the  strength 
of  the  concrete.  The  writer  has  recently  made  some  experi- 
ments on  the  effect  of  the  alum  and  lye  on  the  tensile  strength 
of  Portland  cement.  Briquettes  were  of  neat  cement,  and  of  1  to 
1,  rto  2,  and  1  to  3  mixtures  of  cement  and  sand.  Nine  bri- 
quettes of  each  kind  were  tested  without  the  addition  of  lye  or 
alum;  9  of  each  kind  with  the  addition  of  alum  to  the  amount  of 
one  per  cent,  of  the  weight  of  the  cement,  and  lye  (commercial 
caustic  potash)  to  the  amount  of  one  sixth  of  one  per  cent,  of  the 
weight  of  the  cement;  and  9  of  each  kind  with  alum,  two  per  cent., 
and  lye  one  third  of  one  per  cent.  Three  briquettes  of  each  set 
were  broken  in  twenty-four  hours,  three  in  seven  days,  and  three 
in  twenty-eight  days.  The  number  of  tests  is,  of  course,  too 
few  to  be  conclusive,  but  the  results  show  that  the  alum  and  lye 
have  very  little  effect  on  the  cement  when  used  in  these  propor- 
tions, excei)t  to  slightly  delay  its  setting. 
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THE   DETECTION   AND   PREVENTION    OF    WATER 
WASTE  AT   MARION,    OHIO. 

BY    EDWARD    H.    COWAN,    SUPERINTENDENT    MARION    CITY    WATER 
COMPANY. 

[Read  March  9,    1904.] 

Marion  is  a  rapidly  growing  little  city,  with  a  population,  in 
1890,  of  8  327;  in  1900,  11  862;  and  at  the  present  time  (1904), 
about  15  000.  It  is  situated  on  the  divide  between  the  Missis- 
sipi^i  and  the  St.  Lawrence  rivers,  only  a  few  miles  from  the  line 
separating  those  two  great  watersheds.  The  city  water  supply 
is  obtained  partly  from  an  impounding  reservoir  excavated 
through  a  stratum  of  clay  into  a  water-bearing  gravel ;  and  partly 
from  a  series  of  ten  10-inch  drilled  wells,  from  100  to  200  feet 
deep,  reaching  into  the  limestone  formation  which  underlies  the 
country  around. 

During  the  lawn  sprinkling  season  of  1900,  it  was  with  the 
greatest  difficulty  that  enough  water  could  be  obtained  to  supply 
the  city.  The  water  in  the  wells  was  so  far  below  the  level  of 
the  pumps,  as  they  were  then  located,  that  only  a  small  amount 
could  be  drawn  from  that  source.  The  average  daily  consump- 
tion for  the  year  1900  was  825  692  gallons,  or  1  290  gallons  per 
tap.  It  was  considered  that  this  was  excessive,  and  from'  that 
time  on  greater  attention  has  been  given  to  the  detection  and 
prevention  of  waste.  It  is  the  purpose  of  this  paper  to  describe 
some  of  the  methods  used  and  results  obtained. 

It  was  thought  that  the  greater  part  of  the  leakage  was  on  the 
customers'  side  of  the  curb  cocks,  and  subseciuent  events  have 
shown  that  this  view  was  correct.  The  installation  of  meters 
was  decided  upon,  and  has  been  going  on  ever  since.  The  water 
works  plant  is  owned  by  a  private  company,  and  under  the  terms 
of  its  franchise  a  customer  has  his  choice  whether  he  will  pay 
fixture  or  meter  rates,  in  the  latter  case  furnishing  and  maintain- 
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ing  his  own  meter.  It  is  thus  impossible  to  place  a  customer  on 
a  meter  basis  against  his  will,  unless  he  be  found  wasting  water, 
in  which  case  the  franchise  provides  that  he  may  be  required  to 
buy  a  meter  and  pay  meter  rates,  or  his  water  may  be  shut  off. 

The  policy  adopted  was,  therefore,  that  the  Water  Company 
should  place  a  meter  on  the  service  pipe  of  each  fixture-rate  cus- 
tomer who  should  continue  paying  the  same  rate  as  before,  so 
long  as  the  meter  showed  him  not  to  be  wasting  water.  A 
monthly  allowance  is  made  for  each  individual  customer,  and 
if  he  uses  more  than  this  amount  a  postal  card  notice  is  sent 
him,  to  the  effect  that  his  meter  indicates  a  large  waste  of  water, 
which  must  be  stopped. 

If  at  the  end  of  the  next  month  he  is  still  using  more  than  his 
allowance,  the  same  notice  is  sent  again,  with  the  words  "Second 
Notice"  stamped  across  the  face.  At  the  end  of  the  third  month 
the  following  is  stamped  on  the  postal  card:  "Last  Notice.  We 
have  already  sent  you  several  notices  to  this  effect.  If  the  amount 
used  next  month  indicates  a  waste  of  water,  you  will  be  required 
to  buy  the  meter  and  pay  by  the  thousand  gallons."  At  the 
end  of  the  fourth  month  he  is  required  to  buy  the  meter  as  above, 
and  pay  the  original  cost  of  setting  it. 

The  monthly  allowance  for  any  customer  is  obtained  by  dividing 
his  monthly  fixture  rate  by  the  regular  meter  rate  per  thou- 
sand gallons.  If  a  customer  should  consume  exactly  his  allow- 
ance each  month,  he  would  be  obtaining  water  practically  at 
meter  rates,  yet  with  the  Water  Company  furnishing  the  meter, 
instead  of  the  customer.  The  margin  between  what  he  does  use 
and  what  he  is  allowed  to  use  may  be  said  to  reimburse  the 
Water  Company  for  setting  and  maintaining  the  meter. 

Before  adopting  a  plan  of  this  kind  a  water  works  company 
should  carefully  determine  if  its  meter  and  fixture  rates  bear 
proper  relations  to  one  another.  The  rates  should  be  such  that 
the  company  would  not  suffer  if  fixture  rates  were  abolished, 
and  all  customers  paid  by  meter,  taking  into  account  the 
lesser  amount  of  water  required  in  such  case.  In  this  city  we 
were  influenced  by  the  probability  that  we  should  be  put  to 
great  expense  inci'easing  our  water  supply  unless  waste  could  be 
largely  reduced. 
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We  have  had  very  Httle  friction  with  our  customers  in  carry- 
ing out  this  plan,  as  its  fairness  can  be  easily  shown  to  almost 
any  one.  We  have  found  a  few  customers  who  seemed  to  be 
legitimately  using  more  than  their  allowance,  while  many  others 
were  not  using  one  tenth  of  theirs,  which  goes  to  show  how  in- 
equitable a  fixture  or  flat  rate  system  is. 

Meters  have  been  placed  in  school  and  city  buildings  and 
churches,  all  of  which  are  supplied  with  water  free,  and  especially 
in  the  school  buildings  have  the  meters  paid  for  themselves  many 
times  over  in  restricting  waste. 

Whenever  possible,  meters  are  placed  in  cellars.  In  some 
cellars  it  has  been  found  necessary  to  protect  the  meter  from 
freezing.  This  has  been  done  by  building  a  rough  wooden  box 
around  it,  enclosing  all  the  pipe  back  of  the  meter  and  inside  the 
cellar  wall,  and  as  much  of  the  pipe  ahead  of  the  meter  as  practi- 
cable. The  top  of  the  box  is  left  open  and  it  is  filled  with  saw- 
dust, which  can  be  brushed  away  when  the  meter  is  read. 

Even  with  such  protection  it  is  found  that  occasionally  a  meter 
will  be  frozen,  on  account  of  the  water  in  the  pipe  outside  of  the 
box  freezing,  and  the  ice  gradually  extending  back  to  the  meter. 
The  cost  of  labor  and  material  for  taking  out,  repairing,  and  re- 
setting a  meter  averages  about  $1.00. 

In  a  building  which  has  no  cellar  the  meter  is,  if  possible,  set 
under  the  floor  at  the  point  where  the  service  pipe  enters  the 
premises.  A  wooden  box  filled  with  sawdust  as  above  described 
is  usually  required,  and  a  trap  door  is  made  in  the  floor  to  pro- 
vide access.  It  is  seldom  that  a  meter  set  in  this  manner  freezes. 
When  3'ard  hydrants  or  other  outside  fixtures  are  in  use, 
or  when  for  any  other  reason  it  is  impossible  to  set  the  meter  in 
either  of  the  places  mentioned  above,  it  is  set  in  a  meter  box  out 
of  doors.  The  box  now  used  for  this  purpose  is  shown  in 
Fig.  1,  and  was  invented  and  patented  recently  by  Mr.  B.  C. 
Palmer,  street  foreman  for  the  Water  Company,  and  the  writer. 
It  is  made  of  iron,  and  is  cast  in  two  halves  for  convenience  in 
molding.  The  halves  are  fastened  together  at  diagonally  oppo- 
site corners  by  bolts.  The  cover  is  held  on  by  a  bar  attached  to 
the  pentagonal-headed  bolt  which  passes  through  the  cover.  The 
bar  engages  two  wedges  inclined  in  opposite  directions,  so  that 
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a  quarter  turn  of  the  bolt  will  fasten  or  unfasten  the  cover.  A 
second  cover  of  wood  rests  on  a  flange  cast  on  the  inside  of  the 
box  about  twelve  inches  below  the  top.     The  air  space  between 

the  two  covers  has  never 
yet  failed  to  keep  the 
meter  from  freezing. 

The  meter  inspector 
on  his  monthly  rounds 
listens  at  every  tap 
where  it  is  possible  to 
do  so,  and  reports  any 
case  where  there  seems 
to  be  a  leak  back  of 
the  meter.  To  do  this 
requires  some  time,  but 
it  is  time  well  spent,  as 
one  or  more  leaks  are 
found  every  month. 

Since  January,  1902, 
all  taps  have  been  laid 
with  lead  pipe  by  the 
Water  Company's  own 
men,  including  worn- 
out  ones.  Previous  to 
that  time  galvanized 
iron  (or  steel)  was  used, 
and  many  of  the  older 
ones  are  giving  out. 

Nearly  all  the  soil  in 
this  vicinitj^  is  imper- 
vious to  water,  and 
leaks  are  not  long  in 
showing  at  the  surface, 
unless,  as  occasionally 
Fig.  i.-CA8T-moN  Meter  Box.  happens,  they   beclose 

to  some  drain  which  furnishes  an  outlet  to  the  water.  In  con- 
sidering the  large  amount  of  water  pumped  in  1900,  it  was 
thought  that  this  might  not  be  the  case  and  that  there  might  be 
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many  leaks  not  appearing  at  the  surface.  Consequently  it  was 
decided  to  make  a  complete  survey  of  the  entire  system  to  de- 
termine if  this  were  true. 

The  apparatus  used  consisted  of  a  horse  and  wagon,  a  1^-inch 
Gem  meter,  9  fifty-foot  lengths  of  2^-inch  hose,  gate  keys,  curb 
cock  wrenches,  and  lanterns.  The  writer  took  personal  charge 
of  the  work  and  was  assisted  by^  two  men,  one  of  whom  was  an 
old  employee,  familiar  ^\dth  the  system.  The  work  was  done 
between  the  hours  of  10  p.m.  and  5  a.m.,  but  in  larger  cities  it 
would  not  be  best  to  start  so  early. 

After  two  or  three  nights  it  was  found  unnecessary  to  follow  out 
in  detail  the  original  plan,  but  that  certain  modifications  might  be 
made  which  would  greatly  facilitate  the  work  without  making  it 
any  the  less  thorough.  The  original  plan  of  operations  will  first  be 
described,  and  afterward  the  ways  in  which  it  was  modified. 

Two  gates  were  closed,  thus  cutting  out  the  section  to  be 
tested.  This  section  will  be  referred  to  as  a  "  block,"  although 
in  some  of  the  older  parts  of  the  town,  gates  are  as  many  as  three 
or  four  blocks  apart.  A  line  of  hose  was  laid  from  the  nearest 
"  Uve  "  fire  hydrant  to  a  "  dead  "  one,  and  the  meter  placed  in  the 
line  next  to  the  "  dead"  hydrant.  Both  hydrants  were  then 
opened,  and  if  the  meter  shewed  water  to  be  passing  into  the 
"  dead  "  block,  its  rate  of  flow  was  noted,  and  one  of  the  men 
started  to  close  the  curb  cocks  in  that  section. 

Careful  watch  was  kept  at  the  meter,  and  if  after  closing  any 
curb  cock  the  rate  of  flow  diminished  suddenly,  or  ceased  en- 
tirely, it  was  concluded  that  either  there  was  a  leak  on  that 
service,  or  the  customer  was  using  water,  and  an  investigation 
was  made  to  determine  which  was  the  case.  Whenever  the 
flow  ceased  entirely,  the  investigation  of  that  section  was  at  an 
end.  After  closing  all  curb  cocks,  if  water  was  still  running 
through  the  meter,  one  or  more  leaks  were  shown  to  be  in  the 
"  dead"  block,  and  they  were  located  in  every  case,  by  listening 
at  the  curb  cocks. 

The  work  went  on  in  this  manner,  block  after  block,  for  sev- 
eral nights,  resulting  in  the  finding  of  only  two  or  three  leaks. 
The  writer  then  concluded  to  try  four  or  five  blocks  at  once.  In 
this  case  quite  a  number  of  gates  had  to  be  closed,  and  most  of 
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them  were  attended  to  in  the  daytime,  leaving  only  as  many 
to  be  closed  in  the  night  as  were  required  for  efficient  fire  service. 
At  the  first  trial  the  meter  stood  still,  so  from  that  time  on  still 
larger  sections  of  the  town,  containing  from  two  to  three  miles 
of  mains,  were  cut  out  and  tested  at  once. 

When  a  leak  was  found  its  rate  of  flow  was  noted,  as  before, 
and  then  the  size  of  the  "dead"  section  was  reduced  one  block  at 
a  time  by  opening  and  closing  the  proper  gates,  working  towards 
the  meter.  In  this  manner  the  block  or  blocks  on  which  there 
were  leaks  were  located. 

After  the  first  few  nights  the  shutting  off  of  curb  cocks  was 
discontinued,  as  very  few  leaks  were  being  found,  and  those  could 
be  easily  located,  in  the  stillness  of  the  night,  by  placing  the  ear 
against  one  end  of  the  street  key,  holding  the  other  end  on  the 
curb  cock.  In  down-town  sections  of  larger  cities,  however, 
where  there  is  more  or  less  noise  from  teams  all  night,  it  might 
be  best  to  shut  off  the  curb  cocks. 

When  testing  two  or  three  miles  of  mains  at  once,  a  simple 
system  of  lantern  signals  was  used  between  the  man  at  the  meter 
and  the  men  who  were  opening  and  closing  gates..  Some- 
times these  latter  were  nearly  a  mile  away  from  the  meter,  and 
without  signals  much  time  would  have  been  consumed  going 
back  to  it  after  cutting  in  each  new  block.  The  H-inch  Gem 
meter  was  used,  not  because  it  is  the  best  size  or  kind  of  meter 
for  -the  purpose,  but  because  it  happened  to  be  available.  It 
has  hose  couplings,  and  is  in  regular  use  for  measuring  water 
taken  from  fire  hydrants  for  miscellaneous  purposes.  Were  the 
writer  to  do  this  work  over  again  he  would  use  a  smaller  meter 
of 'the  piston  or  rotary  type. 

The  method  of  finding  leaks  in  street  mains  and  services  above 
described  proved  perfectly  successful,  as  well  as  economical.  It 
is  thought  that  no  leak  escaped  detection.  The  failure  of  a  gate 
to  close  tightly  was  considered  but  the  effect  of  such  a  case  would 
have  been  only  a  somewhat  reduced  rate  of  flow  through  the  hose 
and  meter.  Tests  for  unauthorized  connections  might  be  made 
in  a  similar  manner  in  the  daytime,  first  closing  all  known  curb 
cocks.  By  taking  one  block  at  a  time,  patrons  need  be  deprived 
of  water  for  only  a  short  period. 
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The  effect  of  the  above  and  other  less  important  methods  of 
discovering  and  restricting  waste  is  shown  by  the  following 
statement:  The  average  number  of  taps  in  use  in  1900  was  640, 
of  which  32  per  cent,  were  metered;  in  1903,  an  average  of  891 
taps  were  in  use,  72  per  cent,  of  which  were  metered. 

Average  amount  of  water  pumped  dail}'  per  tap  in  1900,  1  290  gals. 

„      „     „   1903,  648    „ 

Difference 642  „ 

Decrease  due  to  loss  of  five  large  customers 272  ,, 

„           „     ,,  restriction  of  waste 370  ,y 

Estimated  portion  due  to  installation  of  meters,  0.8  of  370,  296  „ 
Total     annual     saving    due    to    installation    of    meters, 

296x365x891       96  263  640  „ 

This  ma}'  be  regarded  as  a  fairly  close  estimate  of  the  amount 
of  water  which  would  have  been  pumped  in  1903  in  addition  to 
what  was  actually  pumped,  had  there  been  no  meters  placed  on 
other  than  the  usual  proportion  of  new  services,  whose  owners 
prefer  to  buy  meters  and  pay  meter  rates.  This  saving  has  been 
brought  about  by  the  installation  of  240  company  meters,  each 
meter  thus  being  credited  with  401  098  gallons. 

In  order  to  make  sure  that  this  amount  is  not  overestimated, 
we  will  divide  it  by  two,  w^hich  gives,  say,  200  000  gallons  annual 
saving  per  meter.  The  cost  of  fuel  and  lubricating  oil  required 
for  pumping  1  000  gallons  is  $0.0094,  or  $1.88  for  200  000  gallons. 
Deduct  17  cents,  which  is  the  annual  cost  of  readings  meter,  and 
13  cents,  the  cost  of  maintenance,  leaves  $1.58,  which,  at  &  per 
cent.,  represents  the  annual  interest  on  $26.33.  This  is  a  little 
less  than  double  the  cost  of  setting  the  average  meter. 

As  stated  above,  enough  meters  have  been  set  to  increase  the 
number  of  metered  services  from  32  to  72  per  cent,  of  the  total. 
It  should  be  understood  that  meters  have  now  been  placed  on 
all  taps  where  there  was  especial  likelihood  that  water  was  being 
wasted,  such  as  saloons,  livery  stables,  and  stores,  and  that  the 
remaining  28  per  cent,  represent  mainly  small  customers  having 
but  one  faucet  or  one  yard  hydrant.  It  will  be  seen  that  the 
meters  which  have  been  set  by  the  Water  Company  have  paid 
for  themselves  nearly  twice  over,  in  saving  of  fuel  and  lubricat- 
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ing  oil  alone.  In  addition,  the  expenditure  of  large  sums  for  in- 
creasing the  available  water  supply  has  been  postponed  at  least 
five  years,  and  probably  more,  as  a  direct  result,  not  to  mention 
lesser  savings,  such  as  wear  and  tear  of  machinery  and  boilers. 
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FIRE  PROTECTIOX  FOR  FACTORIES:   HOW  ITS  VALUE 
SHALL  BE  DETERMINED  AND  WHO 
SHALL  PAY  FOR  IT. 

BY     J.     H.     PURDY,    PITTSBURGH,    PA. 
[Read  February  10,  1904.] 

When  the  Secretaiy  asked  me  to  say  something  upon  this  sub- 
ject, I  thought  I  was  going  to  be  able  to  hunt  up  some  data  that 
would  have  a  fixed  value  for  the  Association.  Unfortunately, 
I  was  called  away  from  home  and  didn't  get  back  until  Monday 
of  this  week,  and  when  I  began  to  look  up  authorities  from  which 
I  could  make  an  article,  I  was  astounded  at  the  absolute  lack  of 
authorities  upon  this  subject.  However,  I  prepared  a  little  paper 
here  that  raises  some  questions  and  gives  some  ideas  of  the 
questions. 

"Fire  protection  for  factories:  how  its  value  should  be  deter- 
mined, and  who  should  pay  for  it."  The  rapid  stride  and  growth 
of  our  towns  and  cities  have  brought  us  many  problems.  The 
development  of  the  small  mill  or  shop  to  the  great  factory  build- 
ing, or  group  of  buildings,  filled  with  costly  machinery  and  raw  and 
finished  materials,  has  forced  the  question  of  how  best  to  protect 
such  buildings  and  their  contents  from  fire  upon  the  careful  at- 
tention of  not  only  the  owners  of  such  properties,  but  also  of 
insurance  companies,  municipalities,  and  water  companies,  and 
by  first  glancing  at  the  interests  of  each  in  the  protection  of  such 
properties,  it  will  no  doubt  assist  us  in  forming  some  conclusions 
as  to  kinds  of  protection  or  part  the  water  departments  or  water 
companies  should  take  in  furnishing  special  facilities  for  fighting 
fires  on  such  premises.  In  most  cases  the  city  authorities  are 
liberal  in  placing  fire  hydrants  in  near  and  handy  locations  to 
large  factories,  if  the  water  works  are  owned  by  the  city;  if  by  a 
company,  the  city  usually  orders  hydrants  placed  by  the  com- 
pany handy  to  such  buildings;  if  it  is  a  town  of  some  size,  chemical 
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engines,  steamers  or  hose  carts,  with  all  modern  appliances,  are 
provided  by  the  city  or  town  authorities  and  kept  conveniently 
near  for  ready  use.  In  addition  to  this,  the  proprietor  usually 
has  grenades,  or  small  fire  extinguishers,  placed  at  convenient 
places  throughout  the  premises. 

All  of  the  devices  and  means  mentioned  are  generally  provided 
and  maintained  by  the  municipal  authorities  and  the  mill  pro- 
prietors, and  are  only  mentioned  to  show  the  joint  interest  of  the 
authorities  and  the  owners,  and  to  distinguish  them  from  the 
special  means  of  protection  to  which  our  subject  refers.  Under 
this  heading  of  special  protection,  we  may  divide  it  into  three 
classes : 

First.  Fire  hydrants  on  the  premises,  usually  having  threads 
or  nozzles  interchangeable  with  the  hose  of  the  city  fire  depart- 
ment. 

Second.  Standpipes  in  the  building  with  hose  attachments  at 
convenient  places  on  each  floor,  having  hose  attached  at  all  times 
ready  for  instant  use;  in  many  cases  mth  valves  which  open 
automatically  as  the  hose  is  unrolled  and  brought  into  action. 
Water  departments  and  water  companies  usually  insist  that  the 
pipe  lines  leading  from  their  mains  to  such  inside  fire  hydrants  or 
standpipe  lines  shall  not  be  tapped  or  used  for  any  other  supply. 
Insurance  companies  have  objected  all  along  to  the  placing  of 
meters  upon  any  such  supply  or  any  restrictions  that  would  in 
any  way  interfere,  as  they  thought,  with  the  free  use  of  such  lines. 
There  will  be  made  to-morrow,  in  Burhngton,  Vt.,  some  tests 
of  meters  upon  such  fire  supplies  by  the  New  England  Fire  Asso- 
ciation. To  that  test  invitations  were  issued  to  the  General 
Committees  of  the  American  Water  Works  Association,  and  I 
was  appointed  upon  a  committee  at  the  American  Association 
last  year  on  insurance,  involving  some  of  these  questions.  But 
I  only  digress  to  show  this  question  of  special  fire  protection  is  a 
new  one  and  coming  into  prominence  in  every  manufacturing 
district,  forced  upon  us  by  the  insurance  companies. 

Third.  The  sprinkler  system  has  come  into  extensive  use  in 
the  last  few  years  as  one  of  the  most  effective  means  of  preventing 
disastrous  fires  in  factories  and  stables  by  putting  out  the  small 
blaze  and  stopping  the  fire  at  the  start.     It  consists  of  a  network 
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of  pipes,  usually  hung  to  the  ceiling  of  the  different  rooms  or 
departments.  Such  pipes  are  generally  run  along  over  the  shaft- 
ing and  over  points  in  the  rooms  where  there  is  thought  to  be  the 
greatest  danger  of  fire  starting.  Attached  to  these  pipes  at  every 
point  where  there  is  danger  of  fire  are  sprinkler  heads  screwed 
into  the  pipe.  Parts  of  the  sprinkler  heads  are  made  of  soft 
metal  strong  enough  to  withstand  the  ordinary  pressure  on  the 
water  pipes  but  soft  enough  to  melt  from  the  heat  of  a  fire  oc- 
curring near  them,  and  they  are  so  constructed  that  when  the 
part  melts  the  water  under  pressure  is  sprinkled  upon  everything 
in  its  immediate  vicinity.  As  the  sprinkler  pipes  are  kept  con- 
stantly full  of  water  under  pressure,  the  opening  of  these  heads 
letting  out  the  water  directl}^  over  the  fire  at  its  start  usually 
prevents  its  spreading.  The  usual  method  of  connecting  is  to 
have  pressure  on  the  sprinkler  system  maintained  from  an  ele- 
vated tank,  but  in  addition  there  is  always  a  direct  connection 
from  the  street  mains.  The  tank  is  used  because  there  is  no 
fluctuation  of  pressure,  the  soft  sprinkler  head  being  weak  and 
liable  to  break  and  leak  under  a  variable  pressure.  It  is  thus 
seen  that  all  of  these  plans  for  putting  out  fires,  either  small  or 
large,  rely  upon  the  water  department  or  water  company  for  a 
certain  and  ample  supply  of  water,  always  ready  and  in  sufficient 
volume  and  pressure  to  meet  the  maximum  demand  of  those  who 
rely  upon  any  or  all  of  the  means  described. 

To  meet  this  requirement  the  water  departments  or  companies 
have  been  compelled  to  plan  and  build  on  a  much  larger  scale 
than  they  would  if  the  only  demands  upon  them  were  to  furnish 
water  for  domestic  uses  or  the  supply  of  Doilers,  etc.  Supply 
lines  and  street  mains,  pumps,  boilers,  and  reservoirs  must  all  be 
planned  on  such  a  scale  as  will  meet  the  requirements  of  fire 
hydrants  and  sprinklers  in  addition  to  the  domestic  and  manu- 
facturing demands. 

How  shall  the  value  of  this  special  service  be  determined? 
Plainly,  metering  the  water  going  through  these  special  lines 
would  not  compensate  the  water  department  or  water  company 
for  their  extra  investment  in  the  larger  reservoirs,  pipes,  pumps, 
and  water  supply  needed,  as  the  hydrants,  standpipes,  or  sprinklers 
may  be  in  position  for  years  -without  being  called  into  use,  so  that 
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the  only  just  and  fair  way  is  to  fix  a  charge  based  on  the  size 
and  capacity  of  the  fixtures  erected  and  the  amount  of  water 
which  you  have  placed  at  the  disposal  of  the  party  owning  the 
premises  and  erecting  the  hydrants,  standpipes,  or  sprinklers. 
In  some  places  a  charge  is  made  per  year  for  each  sprinkler  head. 
At  others  an  attempt  has  been  made  to  arrive  at  a  rate  based  on 
the  area  of  floor  or  space  protected.  Another  method  has  been  to 
base  the  charge  on  the  size  of  the  pipe  connection  to  the  water 
company's  mains,  but  all  of  these  are  only  means  of  fixing  the 
amount  or  volume  of  service  rendered,  and  the  value  of  it  must  be 
determined  by  agreement  between  the  parties. 

Insurance  companies  will  name  a  certain  premium  where 
sprinklers  are  used  and  a  higher  rate  where  they  are  not.  The 
difference  between  these  amounts  is  the  money  value  per  year 
the  insurance  companies  place  on  these  special  facilities.  If  we 
can  now  get  the  value  of  the  plant  or  goods  protected  or  the 
amount  of  insurance  carried,  we  can  readily  calculate  the  annual 
cash  saving,  from  which  must  be  deducted  interest  on  the  cost  of 
installing  the  sprinkler  system,  and  I  think  an  equal  division  of 
the  remainder  between  the  owner  and  the  water  company  would 
be  fair  value  for  the  service,  and  would  certainly  be  fair  to  the 
owner,  as  he  gets  one  half  of  the  insurance  saving  and  has  the 
added  security  against  interruption  of  business  and  damages  not 
covered  by  insurance.  Charges  for  standpipe  and  hydrants  are 
usually  the  same  as  the  city  or  town  pays  per  year  for  its  fire 
hydrants.  Where  the  plant  is  owned  by  the  city,  I  cannot  find 
that  there  is  any  custom. 

The  argument  is  frequently  made  that  these  appliances  are  so 
rarely  used,  and  so  little  water  during  the  year  is  required  of  them, 
that  no  charge  should  be  made  for  them  beyond  the  value  per 
thousand  gallons  of  water  used.  This  is  as  surely  wrong  as  to 
say  if  you  chartered  a  railroad  train  for  a  year  and  held  it  under 
steam  for  your  use  the  entire  time  but  only  found  it  necessary  to 
make  one  journey,  that  you  should  only  pay  ticket  fare  for  the 
one  trip.  Now  who  should  pay  for  the  special  service?  The 
community  is  surejy  interested  in  protecting  the  property  of  the 
factory  or  business  which  has  done  so  much  for  the  prosperity  of 
the  town,  but  has  it  not  discharged  its  obligation  when  it  gives 
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to  it  the  same  measure  of  protection  which  it  gives  the  smaller 
business  store  or  shop,  or  the  residence,  barn,  or  office  of  any  other 
citizen?  Insurance  companies  are,  of  course,  interested  parties, 
but  as  their  premiums  are  reduced  in  proportion  as  these  special 
means  of  protection  are  provided,  or  are  increased  if  they  are 
lacking,  and  as  the  reduction  in  premium  remains  in  the  owner's 
pocket,  in  whose  name  and  for  whose  benefit  the  policy  is  written, 
it  seems  to  me  that  pa5^ment  for  the  use  of  the  water  department's 
or  water  company's  facihties  to  the  extent  and  in  the  manner 
described  should  be  made  in  every  case  by  the  property  pro- 
tected just  as  much  as  they  should  pay  for  the  small  tap  or  supply 
for  ordinary  uses.  In  these  special  protection  cases  the  depart- 
ment or  company  places,  subject  to  the  emergency  needs  of  the 
owner  of  the  factory,  pipe  connections  so  large  as  to  form  a  large 
percentage  of  the  pump,  reservoir,  or  supply  main  capacity.  Bear 
in  mind  also  that  pump,  reservoir,  and  supply  main  have  been 
built  and  must  be  maintained  and  enlarged  on  a  much  more 
liberal  scale  than  would  be  required  if  it  were  not  for  this  special 
service,  and  there  is  no  question,  in  my  mind,  that  the  property 
owner  should  pay  for  the  special  service. 
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REPORT    OF    COMMITTEE    ON    PRIVATE    FIRE 
PROTECTION. 

[Presented  February  10,  1904.] 

Since  our  report,  made  at  the  Montreal  meeting,  Mr.  Tilden,  of 
the  Hersey  Manufacturing  Company,  has  submitted  to  your  Fire 
Pipe  Committee  a  device  designed  to  overcome  the  most  unsatis- 
factory feature  of  the  control  of  large  services,  at  that  time  pointed 
out,  viz.,  The  inabihty  to  accurately  measure  for  any  considerable 
length  of  time  the  smaller  flows,  leaks  and  waste. 

Mr.  Tilden's  devT.ce  for  accurately  measuring  small  streams  and 
delivering,  either  with  or  without  registration,  larger  streams 
without  objectionable  frictional  loss,  consists  of  a  meter,  —  in 
the  device  submitted  a  3-inch  meter,  —  set  in  a  by-pass  around  a 
double  faced  gate  valve  with  parallel  seats,  the  face  toward  the 
pressure  being  bored  to  admit  of  the  passage  of  water  through 
the  same,  and  thence  up  around  the  stem  into  a  cylindrical  cham- 
ber directly  above  the  valve,  through  the  center  of  which  the 
valve  stem  extends  (see  Fig.  1). 

In  the  cyHndrical  chamber,  attached  to  the  valve  stem,  is  a 
cup-leather  plunger,  placed  cup  down,  or  against  the  pressure, 
and  weighted  to  such  extent  as  with  the  weight  of  the  valve  and 
stem  to  constitute  a  force  tenchng  to  keep  the  valve  closed,  equal 
to  the  pressure  per  square  inch  which  it  is  designed  to  absorb  in 
the  apparatus. 

The  stem  above  the  weighted  valve  extends  as  a  light  rod,  or 
pin,  through  a  stuffing-box  at  the  top  of  cylinder,  and  by  its 
position,  either  just  protruding  through  the  stuffing-box  or 
extending  above  the  stuffing-box,  a  distance  equal  to  the  motion 
of  the  valve  or  less,  indicates  its  position. 

The  cup-leather  packed  valve-operating  plunger  is,  as  regards 
the  pressure  from  the  lower  or  inlet  side,  absolutely  tight.  The 
valv^e  itself  is,  as  used,  a  single  faced  gate,  closed  b}^  the  pressure. 
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The  pressure  at  the  inlet,  conveyed  through  the  hole  in  the  valve, 
and  up  around  the  stem  to  the  under  side  of  the  valve-opening 
plunger,  is  balanced  by  the  pressure  on  the  outlet  side  of  the 
valve,  the  same  being  conveyed  to  the  top  of  the  plunger  through 
a  brass  tube  (shown  in  Fig.  2,  Plate  I,  and  Fig.  1,  Plate  II). 

Under  static  conditions,  inlet  and  outlet  pressures  being  equal, 
the  valve  is  held  down  by  the  weight  of  its  parts,  and  on  experi- 
ment was  found  to  be  tight,  and  to  remain  so  until,  by  reason  of 
the  inability  of  the  metered  by-pass  to  deliver  water  as  fast  as 
required,  the  pressure  on  the  outlet  side  dropped  to  about  5  pounds 
below  that  on  the  inlet  side  of  the  device.  At  this  point  the  dis- 
charge was  about  175  gallons  per  minute. 

As  the  demand  for  water,  for  fire  or  other  purposes,  increases, 
and  the  outlet  pressure  diminishes,  the  difference  of  pressure  on 
the  two  sides  of  the  valve-operating  plunger  causes  the  same  to 
rise,  maintaining  until  the  valve  is  wide  open,  a  difference  in 
pressure  between  the  inlet  and  outlet  not  in  excess  of  that  for 
which  the  device  is  designed,  —  in  case  of  the  device  tested, 
about  8  pounds. 

Tests  were  made  vinder  varying  rates  of  flow,  from  1 .2  gallons 
per  minute,  to  about  2  600  gallons  per  minute,  all  of  which 
tended  to  substantiate  the  claim  of  the  inventor,  that  the  device 
could  be  relied  upon  to  accurately  measure  streams  up  to  its 
designed  capacity,  and  to  deliver,  without  excessive  frictional 
loss  in  the  device,  larger  streams,  up  to  the  capacity  of  the  supply. 

For  the  puipose  of  securing  information  in  regard  to  the  opening 
of  the  automatic  gate,  a  wax  seal  is  placed  over  the  pin  exten- 
sion of  the  valve  stem,  which,  on  the  opening  of  the  valve,  is 
broken  by  the  rising  pin. 

A  stop  in  the  brass  tube  through  which  the  outlet  pressure  is 
conveyed  to  the  upper  side  of  the  operating  plunger,  and  a  pet- 
cock  on  the  top  of  the  cylinder,  by  the  opening  of  which  the  upper 
or  outlet  side  of  the  plunger  may  be  exposed  to  atmospheric 
pressure,  together  enable  the  manual  operation  of  the  valve  for 
purposes  of  inspection  and  test,  or  for  the  purpose  of  removing 
the  resistance  normally  imposed  by  the  device  (see  Fig.  1,  Plate  II). 

There  being  practically  no  flow  through  this  brass  tube,  its 
function  being  simplv  to  transmit  pressure,  and  it  being  of  non- 
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-General  view  of  testing  apparatus  for  large  streams,  showing  discharge  Into   Lake 
Champlain  on  the  left  and  pumping  station  huildings  on  the  right. 


Pig.  2.— Tilden  Device  in  testing  apparatus  at  Burlington,  showing  nietereil  by-pass  around 
automatically  opening  gate  between  piezometer  rings  in  foreground.  In  the  background,  on 
the  left,  U  mercury  gage  for  determining  frictional  loss  in  the  device;  on  the  right  mercury 
nozzle  gage  for  determining  nozzle  pressure. 
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corrosive  metal,  there  is  no  chance  for  accumulation  or  clogging 
of  the  tube,  and  no  advantage  to  be  derived  from  an  increase  of 
its  diameter.  While  lengthening  the  tube  to  the  vicinity  of  a 
probable  point  of  discharge  would  result  in  a  wider  opening  for  a 
given  discharge,  the  gain  would  be  slight,  and  more  than  offset 
by  loss  of  compactness. 

The  sticking  of  this  valve  by  an  excessive  back  pressure  is  a 
very  remote,  not  to  say  impossible,  contingency.  First,  because 
of  the  equalizing  effect  of  the  metered  by-pass.  Second,  because 
the  capacity  of  the  brass  tube,  conveying  water  to  the  outlet 
side  of  the  operating  cylinder,  is  not  sufficiently  in  excess  of  the 
possible  leakage  past  the  reversed  cup-valve  to  admit  of  the 
accumulation  of  excessive  pressure  on  the  outlet  side,  even  were 
the  metered  by-pass  absolutely  tight  shut.  Third,  because  the 
wedge,  separating  the  valve  chscs  as  they  reach  their  seats,  is  too 
flat  to  admit  of  sticking.  Fourth,  because  of  the  presence,  in 
the  service,  of  a  s^^^ng  check  to  prevent  the  flow  of  water  to  the 
main. 

The  sticking, of  the  valve  from  lack  of  operation  is  equally 
improb^le,  for  where  such  a  device  is  in  use,  it  should  be  inspected 
and  operated  monthly  by  the  Water  Department. 

The  underwriters'  inspector,  knowing  such  a  device  to  be  in- 
stalled upon  a  risk,  and  failing,  on  his  inspection,  to  see  it  operated 
would  be  guilty  of  gross  negligence,  and  that,  in  an  underwriters' 
inspector,  would  be  simply  inconceivable,  and  furthermore, 
the  private  fire  services,  on  which  such  a  device  would  not 
be  opened  several  times  a  year  for  flushing  sewers,  watering 
grounds,  or  other  cause,  are  extremely  rare. 

A  back  pressure  of  about  one  hundred  and  ten  pounds,  measured 
at  the  outlet  piezometer  ring,  was  repeatedly  applied  to  the  device 
examined  for  the  purpose  of  developing  a  stick,  which  it  utterly 
failed  to  do. 

The  best  feature  of  this  device  is  its  adaptability  to  a  wide 
range  of  conditions  and  requirements.  By  varying  the  length  of 
the  operating  cylinder,  and  the  weight  of  lead  used  therein,  the 
amount  of  frictional  loss  required  to  open  the  valve  may  be  made 
to  conform  to  that  to  be  spared  under  the  particular  conditions 
encountered. 
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By  var3'ing  the  size  of  the  metered  by-pass,  the  sensitiveness 
and  range  of  the  device,  for  the  measurement  of  small  flows,  may 
be  regulated  to  meet  different  requirements  in  that  respect,  from 
the  opening  of  the  automatic  gate  on  a  5-pound  frictional  loss, 
caused  by  a  discharge  of  about  70  gallons  per  minute  through  a 
2-inch  meter,  or  175  gallons  through  a  3-inch  meter,  to  the  opening 
on  the  same  frictional  loss  by  a  discharge  of  about  400  gallons 
per  minute  through  a  6-inch  meter. 

A  meter,  full  size  of  the  service,  in  the  main  line  with  the  auto- 
matic valve,  around  both  of  which  a  by-pass  with  a  meter  capable 
of  detecting  small  flows,  leaks  and  waste,  is  taken,  \^•ill  enable  the 
registration,  with  approximate  accurac}^,  of  all  water  used,  both 
large  and  small  streams. 

Your  Committee,  having  carefully  examined  and  tested  the 
device  submitted  by  Mr.  Tilden,  are  satisfied  that  it  will  afford, 
in  many  cases,  a  satisfactory  means  of  determining  the  amount 
of  w^ater  passing  through  services  supposed  to  be  used  for  fire 
purposes  only. 

The  performance  of  the  valve  under  test  was  most  satisfactory, 
the  frictional  loss  being  much  less  than  might  reasonably  have 
been  permitted.  The  device  is  of  the  simplest  character,  the 
only  part  subject  to  clogging  being  the  meter,  the  clogging  of 
which  serves  only  to  cause  the  automatic  gate  to  open  under  a 
less  discharge  than  it  should.  Experience  seems  to  have  demon- 
strated that  the  principle  of  the  device,  which  is  by  no  means 
new  or  untried,  is  excellent,  and  that  the  failure  of  a  properly 
installed  apparatus  to  perform  its  designed  work  is  next  to  im- 
possible. 

.Reaffirming  the  statements  made  in  their  report  at  the  Montreal 
meeting,  your  Committee  would  respectfully  submit  their  further 
findings,  in  regard  to  the  control  of  large  services,  as  follows: 

In  cases  where  a  failure  to  register  the  smaller  streams  is  deemed 
of  little  importance,  a  meter  as  sensitive  as  the  Crown,  Hersey 
Disc,  or  Empire,  as  tested  at  Knoxville,  or,  in  case  it  be  deemed 
advisable,  such  a  meter  in  a  by-pass  arovuid  a  gate,  to  be  kept 
closed  except  in  case  of  fire,  will  accomphsh  the  desired  result. 
Unless  the  failure  to  register  the  smaller  streams  be  deemed  of 
little  importance,  no  large  meter  will;  for  long,  be  sufficiently 
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Fig.  l.  —  Tilden  Device  in  testing  apparatus  at  Burlington,  as  seen  from  outlet,  showing  brass 
tube  for  transmitting  outlet  pressure  to  cylinder  with  stop  and  pet-cock  to  enable  manual 
operation.  Metered  by-pass  on  the  left,  automatically  opening  gate  on  the  right.  Six-inch 
supply  line  and  tank  for  weighing  discharge  of  small  streams  in  the  background. 


Fig.  2.  — Tilden  Device  in  testing  apparatus  at  Burlington,  showing  in  the  foreground  gridiron 
through  which  two-inch  and  smaller  streams  were  drawn  into  tank  on  scales,  seen  in 
background;  also  six-inch  gate  through  which  streams  were  thrown  through  calibrated 
nozzles  into  the  lake. 
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PRIVATE  FIRE  SERVICES. 

At  the  last  annual  convention  of  the  New  Enoiland  Water 
Works  Association,  the  following  motion,  made  by  Mr.  Frank 
C.  Kimball,  Superintendent  of  Water  Works  at  Knoxville,  Tenn., 
was  unanimously  passed: 

"  That  a  committee  of  three  be  appointed  by  the  President,  whose  duty 
it  shall  be  to  ask  for  the  appointment  of  and  to  confer  with  similar  com- 
mittees from  the  American  Water  Works  and  other  kindred  associations, 
and  also  with  the  various  underwriters'  associations,  to  agree,  if  possible, 
upon  some  adequate  means  of  controlling  private  fire  supplies  acceptable 
to  all  parties  concerned,  including  therein  all  questions  relating  to  charges 
therefor  and  similar  matters.'" 

Messrs.  F.  H.  Crandall,  of  Burlington,  Vt.,  R.  J.  Thomas,  of 
Lowell,  Mass.,  and  Elbert  Wheeler,  of  Boston,  Mass.,  — the  com- 
mittee appointed  in  compUance  with  the  instructions  contained 
in  the  above  motion,  —  would  respectfully  invite  correspondence 
and  suggestions  from  all  interested  in  a  fair  and  equitable  assess- 
ment of  the  benefit  conferred  in  supplying  fire  protection  by 
means  of  private  fire  protective  systems. 

The  committee,  so  far  as  their  investigation  has  progressed, 
find  that  nearly  everywhere,  both  in  case  of  public  and  private 
ownership,  it  is  customary  to  recognize  the  service  of  the  water 
works  to  the  public,  in  the  line  of  fire  protection,  a  frontage 
tax,  hydrant  rental,  general  appropriation,  or  an  overdraft,  serv- 
ing as  means  to  secure  the  assessment  upon  the  property  bene- 
fited, of  the  cost  of  fire  protection. 

The  capacity  of  works  necessary  to  supply  the  volume  of  water 
required  to  make  private  fire  services  of  value,  the  leaks  habitu- 
ally permitted  on  unmetered  services,  to  which  fire  services  are 
no  exception,  and  the  stealing  which  not  infrequently  takes  place 
from  such  services,  all  entail  expense,  to  cover  which  an  assess- 
ment should  be  made  upon  the  parties  directly  benefited. 

As  in  the  case  of  schedule  rate  assessment,  the  convenience  or 
advantage  accruing  from  additional  fixtures,  together  with    the 
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additional  cost  of  the  service,  constitutes  a  basis  for  increased 
assessment,  so  in  the  case  of  fire  protection,  increased  benefit  and 
increased  cost  of  service  constitute  a  basis  for  increased  assess- 
ment. 

The  individual  benefit  enjoyed  by  the  possessors  of  private  fire 
protective  systems  is  far  in  excess  of  that  enjoyed  by  the  general 
public,  to  which  latter  benefit,  by  reason  of  payment  of  taxes, 
all  are,  to  a  reasonable  extent,  entitled. 

As  Hon.  J.  O.  Hall,  of  Quincy,  said  at  the  1902  Convention  of 
the  New  England  Water  Works  Association:  "The  individual 
taxpayer  should  not  be  compelled  to  bear  any  burden  which,  by 
any  interpretation,  can  pass  into  an  individual  benefit  to  some- 
body else." 

That  private  fire  protection  should  yield  the  company,  or  de- 
partment, furnishing  it,  a  fair  return;  that  a  request  for  a  service 
for  fire  or  any  other  purpose,  unaccompanied  by  willingness  to 
furnish  correct  and  trustworthy  information  as  to  the  amount 
of  water  used  or  wasted  through  it,  is  unreasonable,  and  that  the 
size  of  services,  for  whatever  purpose  used,  should  be  kept  well 
within  the  capacity  of  the  system  to  supply,  without  excessive 
loss  of  pressure,  are  conclusions  easily  and  speedily  reached. 
How  to  determine  an  amount  constituting  a  fair  return  is  a  ques- 
tion upon  which  the  committee  find  room  for  a  greater  differ- 
ence of  apinion. 

The  committee  promise,  to  all  communications  and  sugges- 
tions, their  thoughtful  consideration. 

F.  H.  Crandall, 
R.  J.  Thomas, 
Elbert  Wheeler, 
Fire  Pipe  Committee,  N.  E.  W.  W.  A. 
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sensitive  to  meet  reasonable  requirements  as  regards  the  detection 
of  small  Avaste. 

In  cases  where  a  failure  to  register  the  larger  streams  is  deemed 
of  little  importance,  a  device,  like  that  submitted  to  the  Committee 
by  Mr.  Tilden,  the  metered  by-pass  being  made  larger  or  smaller 
as  the  circumstances  of  each  individual  case  may  require,  will 
accomplish  the  desired  result. 

Wherever  a  device  permitting  the  passage  of  the  larger  streams 
without  registration  is  permitted,  it  should  be  clearly  understood 
and  agreed  that  in  case  of  opening  the  automatic  gate  for  any 
other  than  fire  purposes,  the  amount  estimated  to  have  passed 
unregistered  should  be  paid  for,  and  that  should  its  frequency  of 
opening  demonstrate  the  use  of  the  service  to  be  in  excess  of  the 
capacity  of  the  device  to  accurately  measure,  a  device  or  meter 
capable  of  correct  registration  should  be  at  once  installed  at  the 
expense  of  the  user. 

In  cases  where  the  measurement,  with  approximate  accuracy, 
of  the  entire  supply  is  desired,  a  device  like  that  of  Mr.  Tilden, 
with  a  meter  of  the  full  size  of  the  service  in  the  main  line  with 
the  automatic  gate,  around  both  of  which  a  by-pass  with  a  meter 
capable  of  detecting  the  smaller  streams,  leaks  and  waste,  is  taken 
will  accomplish  the  desired  result. 

While  not  wishing  to  be  understood  as  taking  the  ground  that 
no  better  means  than  those  above  suggested  for  obtaining  the 
desired  results  can  be  devised,  we  are  satisfied  that  they  are  the 
best  at  hand,  and  are  amply  sufficient. 

Respectfully  submitted, 

F.  H.  Crandall, 
R.  J.  Thomas, 
Elbert  Wheeler, 
Committee  on  Private  Fire  Protection, 

DISCUSSION. 

Mr.  Frank  L.  Fuller.  I  should  like  to  ask  Mr.  Crandall  how 
his  determinations  of  the  loss  of  pressure  agreed  with  either  the 
Ellis  or  the  Weston  tables. 

Mr.  Crandall.  I  have  not  done  the  work  in  comparison  which 
I  expect  to  do.     It  was  rather  late  in  the  season,  and  the  deter- 
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mi  nation  of  the  loss  in  the  pipe  was  a  sort  of  after-thought  and 
not  immediately  connected  with  the  work  in  hand,  so  that  before 
saying  anything  about  it  I  should  like  to  repeat  the  experiments 
and  get  intermediate  data. 

Mr.  Fuller.  It  seems  as  though  it  was  a  very  good  oppor- 
tunity to  get  accurate  results. 

Mr.  Crandall.  We  did  get  some  results,  but  I  should  prefer 
to  look  the  matter  over  more  carefully,  duplicate  and  add  infor- 
mation before  saying  anything  with  regard  to  the  differences 
between  the  results  of  these  ex]Deriments  and  the  tabulated  state- 
ments that  we  have. 

Mr.  August  Fels.  I  should  like  to  state  that  the  Lowell 
Water  Board  has  bought  a  device  like  that  which  Mr.  Crandall 
has  explained,  and  what  he  has  shown  in  the  pictures  you  can 
see  in  actual  operation  at  Lowell.  If  it  is  in  order  I  would  move 
that  the  committee  be  continued. 

Mr.  Theodore  H.  McKenzie.  Do  I  understand  that  Mr. 
Crandall  recommends  that  a  proper  rate  for  fire  protection  is 
one-half  of  the  difference  in  the  premiums  paid  to  the  fire  insur- 
ance companies,  —  that  is,  the  difference  between  what  was  paid 
without  protection  and  what  is  paid  with  the  protection? 

Mr.  Crandall.  That  was  Mr.  Purdy's  suggestion  in  his  paper 
which  I  read. 

Mr.  McKenzie.  I  supposed  the  committee  was  to  make  some 
recommendation  so  that  water  works  superintendents  could  have 
some  basis  for  a  charge  for  fire  protection.  It  is  one  of  the  most 
difficult  problems  that  we  have  to  encounter,  the  matter  of  estab- 
lishing rates  for  sprinklers  and  hydrants  and  standpipes. 

IVIr.  Gorham  Dana.  Mr.  President,  I  represent  the  LTnder- 
writers  Bureau  of  New  England.  Unfortunately  I  am  the  only 
insurance  representative  here  to-day.  I  wish  I  was  not,  for  I 
think  there  is  a  great  deal  to  be  said  on  our  side.  I  had  the 
pleasure  of  attending  the  tests  at  Burlington  which  Mr.  Crandall 
has  been  describing,  and  I  feel  very  confident  in  saying  that  the 
Tilden  automatic  valve  will  not  oe  acceptable  to  the  insurance 
interests.  Any  valve  of  that  kind  requiring  a  packed  stem  and 
complicated  moving  parts  and  a  small  ])ipe  to  convey  the  pressure. 
is  a  c()mi)li(':ili()ii  whicii  we  have  been  trying  for  years  to  avoid  in 
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fire  protection  work.  At  present  we  have  a  dry  valve  which  we 
have  to  contend  with  occasionally.  They  have  been  made  as 
simple  as  possible,  but  they  are  still  so  complicated  that  we  do 
not  always  grant  the  same  rate  of  insurance  where  they  are  used 
as  we  do  on  a  straight  wet  pipe  system.  Now  the  Tilden  valve 
is  more  much  complicated  than  any  dry  valve;  or,  I  should  not 
say  more  complicated,  but  there  is  more  chance  of  obstruction  in 
the  Tilden  valve  than  in  any  dry  valve  I  ever  saw,  and  I  think 
the  principle  is  wrong.  I  do  not  think  we  want  to  rely  for  fire 
protection  on  any  valve  which  has  a  moving  packed  piston  which 
is  liable  to  get  stuck  and  clogged  by  sediment,  and  also  a  small 
pipe  transmitting  pressure  which  is  liable  to  get  clogged  and  in 
which  there  is  a  valve  which  is  liable  to  be  left  closed. 

While  in  the  tests  at  Burlington  the  valve  worked  satisfactorily, 
that  was  no  test  of  the  effect  of  wear  and  age.  The  only  way  to 
test  such  a  valve  is  to  have  one  in  use  for  years  under  unfavorable 
conditions  and  then  see  what  the  result  is;  and  I  feel  sure  that  in 
some  plants  that  I  know  of  such  a  valve  would  get  very  badly 
clogged  with  sediment.  We  have  had  cases  where  |-inch  sprinkler 
pipes  have  become  entirely  clogged  so  we  couldn't  get  a  drop  of 
water  through  them.  Those  were  pipes  where  there  was  hardly 
any  flow  and  much  less  chance  for  sediment  than  in  pipes  where 
there  is  a  flow. 

In  regard  to  inspecting  these  valves,  it  has  been  said  that  they 
should  be  tested  once  a  month,  but  I  don't  know  of  any  place 
where  the  insurance  companies  can  afford  to  make  such  frecjuent 
inspections.  The  average  is  perhaps  once  in  six  months,  and  the 
chances  are  that  such  a  device  would  be  put  in  places  outside  of 
New  England  where  inspections  are  not  so  frequent  as  that. 
The  thing  might  go  a  year  easily  without  insurance  inspection, 
and  I  think  in  such  a  case  as  that  there  would  be  a  very  good 
chance  of  having  trouble.  So  far  as  the  insurance  companies  are 
concerned  I  wish  to  say  that  we  do  not  wish  to  accept  this  device 
without  a  long-continued  series  of  tests. 

Mr.  Robert  J.  Thomas.  I  was  present  at  this  test  in  Burling- 
ton and  saw  the  operation  of  the  Tilden  valve  there  for  the  first 
time,  and  it  impressed  me  very  favorably.  Since  then  two  of 
them  have  been  purchased  or  ordered  for  trial  in  Lowell,  and  one 
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is  now  in  use  in  our  shop  on  a  fire  service.  I  have  watched  it  very 
closely,  and  I  cannot  conceive  that  there  is  the  remotest  possi- 
bility of  the  valve  sticking.  I  think  the  insurance  companies 
in  objecting  to  this  device  are  either  not  sincere,  or  else  they  are 
not  fully  informed  as  to  the  operation  of  the  same.  Take  for 
example  the  remark  of  the  gentleman  who  has  just  spoken  as  to 
the  clogging  of  the  small  pipe  which  conveys  the  pressure  to  the 
top  of  the  valve;  the  effect  of  the  clogging  of  that  pipe  would  be 
that  the  valve  would  open  and  remain  open;  consequently  it 
would  not  affect  the  insurance  people  a  particle,  for  it  would  give 
them  the  full  6-inch  pipe. 

Now,  I  take  it  for  granted  that  most  water  works  men  are 
willing  that  the  water  used  for  the  extinguishment  of  fires  should 
be  furnished  gratis,  but  they  believe  that  the  corporation  or  manu- 
facturer who  uses  water  throvigh  a  fire  service  for  any  other  purpose 
than  for  the  extinguishment  of  fires  should  pay  for  it,  Hke  the 
humblest  water-taker  in  the  city,  and  that  he  should  not  have 
any  extra  privileges  above  the  average  citizen.  Now,  how  can 
this  be  done  without  putting  on  a  meter?  The  water  works 
superintendent  must  put  a  meter  on  to  arrive  at  the  amount  of 
water  used  or  wasted.  He  should  at  the  same  time  put  on  a 
device  that  in  case  of  fire  will  give  the  fullest  possible  amount  of 
water  for  the  extinguishment  of  the  fire,  and  where  sprinklers 
are  open  will  supply  them  all  the  water  that  the  system  can  fur- 
nish and  with  the  least  loss  of  head  or  pressure.  That  is  the  idea 
of  the  water  works  man.  If  you  put  a  positive  meter  on  you  will 
get  a  registration  which  is  fairly  close,  but  where  you  are  drawing 
a  large  quantity  of  water  you  are  going  to  reduce  the  pressure  so 
you  possibly  will  not  have  in  the  top  of  a  high  building  pressure 
enough  to  operate  your  sprinklers  effectively.  With  the  Tilden 
device,  or  any  device  similar  to  this,  all  you  have  to  interfere 
with  the  delivery  of  the  water  is  simply  the  friction  in  the  pipe. 
What  better  service  can  you  have?  If  you  use  a  current  meter 
which  will  not  obstruct  the  flow  of  the  water  as  much  as  a 
positive  meter,  then  you  will  not  have  registration  of  the  fine 
streams.  Then  again  comes  the  question  whether  or  not  it  is  im- 
portant to  the  water  works  to  have  the  small  flows  measured, 
—  whether  there  is  sufficient  waste  of  water  through  leaky  joints 
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in  pipes  and  in  other  small  ways  which  a  current  meter  would 
not  record. 

I  recently  received  a  letter  from  the  people  whom  the  gentle- 
man who  has  just  spoken  represents,  proposing  a  system  of  inspec- 
tion by  the  insurance  inspectors,  whereby  they  would  report  to 
the  water  works  office  any  infraction  of  their  rule  which  prohibits 
connection  with  sprinkler  pipes  for  any  other  purpose  than  for 
fire  protection.  But  we  have  in  Lowell,  —  and  I  presume  it  is 
so  in  almost  every  manufacturing  city  in  New  England,  —  a 
number  of  fire  services  which  are  laid  in  the  ground  for  a  long 
distance,  and  some  of  these  pipes  have  been  laid  for  over  thirty 
years.  In  the  mill  yards  there  are  race-ways  and  underground 
water-ways  of  various  kinds  that  these  fire  pipes  cross.  Now 
how  is  the  insurance  inspector  going  to  tell  us  whether  there  is  a 
leak  in  a  pipe  under  a  brook  or  river  or  race-way?  There  may 
have  been  leaks  in  pipes  laid  in  this  manner  for  years  and  we  may 
have  been  losing  water  all  the  time,  and  if  we  were  brought  up 
before  a  committee  of  the  city  government  and  asked  how  we 
know  about  the  consumption  of  water  in  this  or  that  large 
concern,  whether  we  were  getting  paid  for  the  water  used  or 
whether  we  knew  how  much  water  was  used,  we  would  have  to 
admit  that  we  didn't  know  anything  about  it.  But  if  we  put  a 
meter  on  the  fire  service  we  do  know  what  is  going  on,  and  if  we 
give  them  a  meter  which  will  furnish  an  efficient  fire  service,  a 
bountiful  supply  of  water,  with  sufficient  pressure  for  their  sprink- 
lers and  their  fire  pipes,  making  them  pay  for  what  they  use  for 
other  purposes,  I  think  we  are  using  them  right,  and  we  certainly 
then  can  stand  up  before  the  public,  the  other  water-takers,  and 
say  that  we  are  using  the  large  consumers  just  the  same  as  we 
are  using  the  small  ones.  That  is  what  we  are  trying  to  get  at, 
and,  as  I  said  in  the  beginning,  I  think  the  more  the  insvirance 
companies  study  this  device  of  Mr.  Tilden  the  sooner  they  will 
come  to  the  conclusion  that  a  device  like  that  is  a  good  deal  better 
for  them  than  a  positive  meter;  and  if  they  are  not  willing  to 
accept  it,  I  apprehend  that  the  water  works  people  will  enforce 
the  use  of  positive  meters  on  the  fire  services.  The  result  will 
be  that  where  one  fire  service  will  give  them  sufficient  water 
without  a  meter,  when  a  meter  is  placed,  it  will  be  necessary  for 
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them  to  have  two  fire  services  instead  of  one  and  consequently 
two  meters. 

I  think  I  am  voicing  the  sentiment  of  the  committee  when  I 
say  that,  so  far  as  they  have  examined  this  device  of  Mr.  Tilden's, 
and  so  far  as  they  can  understand  the  mechanical  operation  of  it, 
they  totally  disagree  with  the  insurance  people  in  considering  it 
possible,  not  to  say  probable,  that  the  valve  may  stick.  Why, 
the  valve  manufacturers  have  been  making  a  valve  similar  to 
this  for  seven  or  eight  years  and  possibly  longer,  which  they  call 
an  automatic  hydraulic  valve.  You  can  see  a  description  of  it 
in  their  catalogues.  It  is  possible  that  several  towns  and  villages 
where  there  are  large  manufacturing  establishments  are  at  present 
supplied  through  automatic  valves  of  this  same  kind,  probably 
not  so  good,  because  in  the  automatic  valve  known  as  the  hydraulic 
valve  there  is  a  stuffing-box  and  the  stem  is  packed.  In  this 
device  of  Mr.  Tilden's  there  is  no  packing  around  the  stem.  The 
stuffing-box  is  taken  out  and  the  water  passes  up  by  the  stem, 
making  it  less  Hable  to  stick  than  the  ordinary  hydraulic  valve, 
which  has  been  in  use  for  years.  Mr.  Crandall  has  told  you  about 
the  device  which  has  been  in  operation  in  Bm-lington  for  seven 
or  eight  years,  and  he  has  never  had  any  trouble  with  it.  It  has 
a  cup-valve  on  it,  similar  to  the  cup-valve  on  the  Tilden  device, 
and  he  has  never  had  occasion  to  replace  that  valve ;  it  has  never 
given  them  any  trouble.  I  say  again  that  in  my  judgment  the 
insurance  people  are  not  reasonable  in  their  opposition  to  this 
device  of  Mr.  Tilden's. 

Mr.  Dana.  Mr.  President,  in  reply  to  the  gentleman  who  has 
just  spoken,  I  would  like  to  say,  first,  that  if  the  small  pipe  which 
conveys  the  pressure  to  the  upper  side  of  the  piston  is  clogged, 
it  will  prevent  that  valve  from  opening,  provided  the  valve  is 
closed  when  the  clogging  takes  place,  because  in  order  to  open 
the  valve  the  pressure  must  be  released  above  it,  and  if  that  pipe 
is  clogged  or  allows  the  pressure  to  go  in  and  out  from  above 
that  it  will  necessarily  keep  it  closed. 

In  regard  to  the  necessity  for  such  devices,  that  is  a  question 
which  I  did  not  start  to  argue,  and  I  think  it  has  been  argued  very 
thoroughly  in  this  Association  before  from  what  I  have  been  told, 
although  I  have  never  heard  it  argued  myself.     I  think,  however, 
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there  is  one  point  which  should  be  borne  in  mind,  and  that  is  that 
there  are  different  kinds  of  plants,  some  that  need  meters,  per- 
haps, and  some  that  do  not.  A  large  majority  of  the  factories 
that  are  equipped  with  sprinklers  have  no  outside  piping  at  all. 
They  are  in  cities,  they  take  directly  from  the  street  main  which 
is  not  more  than  15  or  20  feet  from  their  building,  and  there  is 
absolutely  no  chance  to  tap  the  pipe  between  the  street  main  and 
the  building.  Inside  the  building  there  is  a  chance,  but  that  is 
looked  after  carefully  by  the  insurance  inspectors.  And  most 
modern  plants  have  an  alarm  valve  that  absolutely  prevents  the 
flowage  of  water  through  the  sprinkler  pipes  without  giving  an 
alarm,  and  it  isn't  likely  that  people  are  going  to  have  the  alarm 
ringing  all  the  time  in  order  to  steal  a  little  water.  In  large  plants, 
where  there  is  a  great  deal  of  yard  piping,  a  meter  can  be  placed 
in  the  yard,  where  the  pipe  enters  the  yard,  with  a  by-pass  which 
can  be  opened  from  a  distance  in  case  of  fire,  and  that  would  be 
a  comparatively  safe  arrangement.  But  the  idea  of  making 
everybody  pay  for  the  faults  of  a  few  is  not  in  my  estimation 
correct. 

Mr.  E.  W.  Kent.  I  have  had  some  httle  experience  with  manu- 
facturers who  have  been  negligent  in  the  care  of  their  plants  and 
have  allowed  a  large  waste  to  extend  over  a  period  of  twenty-four 
hours.  During  the  past  month  I  lost  691  000  gallons  of  water  in 
one  plant  in  twenty-four  hours.  A  line  of  sprinklers  had  frozen, 
some  eight  heads  had  burst,  and  one  Hue  of  2-inch  pipe  under  120 
pounds  pressure  had  blown  off,  so  that  the  discharge  through  a 
2-inch  orifice  continued  for  twenty -four  hours  unchecked. 

Pres.  E.  C.  Brooks.  I  may  say  that  I  was  rather  glad  to  hear 
the  gentleman  w^ho  represents  the  insurance  people  say  that  they 
had  found  sprinkler  pipes  clogged.  It  has  been  a  wonder  to  me 
that  the  insurance  people  put  in,  or  allowed  to  be  put  in,  plain 
black  pipe  for  fire  protection.  We  all  know  that  plain  black  pipe 
fills  up  very  rapidly,  and  it  se^ns  to  me  that  the  sHght  difference 
in  cost  between  that  and  galvanized  ought  to  be  no  bar  to  the 
introduction  of  galvanized  pipe  for  purposes  of  this  kind,  where 
they  are  really  desirous  of  keeping  the  pipe  free  from  corrosion. 
And  as  to  the  Tilden  device,  I  don't  beheve  that  there  would  be 
any  difficulty  about  making  every  part  of  it  of  composition,  so 
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that  as  far  as  corrosion  is  concerned  it  should  be  perfectly  free 
from  that  troublesome  feature.  It  seems  as  though  the  objection 
on  that  ground  was  something  which  is  merely  a  matter  of  detail 
which  can  easily  be  gotten  over.  I  should  be  very  much  pleased 
to  hear  from  some  of  the  other  gentlemen  as  to  their  experiences, 

Mr.  Dana.  When  I  spoke  of  sprinkler  pipes  clogging  I  did 
not  refer  to  corrosion  but  to  sediment  in  the  pipes.  Our  ex- 
perience has  been  that  in  sprinkler  pipes,  where  there  is  no  flow, 
there  is  very  little  corrosion  on  the  inside.  The  trouble  we  have 
is  from  sediment  which  comes  from  the  water.  I  have  seen  pipes 
which  have  been  installed  fifteen  or  twenty  years  taken  down,  and 
they  were  almost  as  clean  inside  as  when  they  were  put  up,  so 
far  as  corrosion  was  concerned.  It  is  the  sediment  which  causes 
trouble.  And  the  same  might  be  said  in  regard  to  the  Tilden 
valve;  I  don't  so  much  fear  corrosion  as  I  do  sediment. 

Mr.  Theodore  H.  McKenzie.  Mr.  President,  I  cannot  quite 
understand  how  the  sediment  gets  into  this  pipe  when  there  is 
no  circulation,  no  water  flowing  through  it. 

Mr.  Dana.  In  the  case  I  referred  to  there  was  a  test-pipe  at 
the  top  of  the  building  which  allowed  the  insurance  inspectors  to 
test  the  system  to  see  if  there  was  water  in  it.  That  caused  a 
slight  flow  about  twice  a  year,  and  that  was  what  did  it. 

Mr.  Frederick  N.  Connet.  In  very  many  of  the  large  mills 
there  is  an  underwriters'  pump,  and  the  pressure  that  can  be 
obtained  by  that  pump  is  generally  in  excess  of  the  city  water 
pressure.  The  water  department,  fearing,  that  the  impure  water 
pumped  by  that  pump  may  enter  the  mains,  requires  a  check- 
valve  between  the  main  and  the  mill.  Now  a  check-valve  being 
there  is  not  objected  to  by  the  insurance  companies,  and  if  that 
check-valve  is  loaded  with  a  weight  and  is  used  in  the  place  of 
Mr.  Tilden's  device,  you  can  prevent  the  water  floA\ing  through 
it,  unless  the  pressure  on  the  two  sides  of  it  differs  by  more  than 
3  or  4  or  5  pounds  or  any  deternyned  amount.  If  you  place  a 
meter  in  a  by-pass  around  that  check-valve  you  get  very  nearly 
the  same  conditions  that  you  get  with  Mr.  Tilden's  device,  and 
I  don't  see  why  that  is  objectionable,  unless  there  is"a  chance  for 
the  check-valve  n(rt  to  be  perfectly  seated,  and  therefore  a  certain 
amoinit  of  water  niiglit  get  through  the  clieck-valve  without  being 
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measured.  It  seems  to  me  that  the  simplicity  of  this  arrange- 
ment commends  it. 

President  Brooks.  I  think  that  everyone  who  has  had  much 
to  do  with  check-valves  has  regretted  very  often  that  they  are 
not  more  perfect  than  they  are.  If  there  is  anything  in  this  world 
which  will  give  trouble  when  you  do  not  expect  it,  it  is  a  check- 
valve. 

Mr.  Connet.  But,  Mr.  President,  isn't  the  only  trouble  which 
has  been  found  \\dth  check-valves  due  to  their  not  closing? 

The  President.     Yes,  sir. 

Mr.  Connet.  They  ^vill  open  under  all  conditions,  but  they 
may  not  close,  and  therefore  I  do  not  see  why  the  insurance  com- 
panies should  object  to  them. 

Mr.  F.  H.  Crandall.  As  I  understand  it,  Mr.  President, 
what  we  are  looking  for  is  not  something  which  will  satisfy  the 
insurance  people,  but  something  which  will  enable  us  to  know 
how  much  water  is  used  or  wasted  on  the  premises  which  are 
supplied  through  these  fire  pipes;  and  the  fact  that  a  device  will 
permit,  or  may  be  expected  to  permit,  very  small  streams  to  pass 
through  it  without  registration  or  without  warning  is  sufficient 
to  condemn  it.  If  we  were  studying  to  get  up  something  to 
satisfy  the  insurance  people  we  would  not  have  do  to  anything 
at  all,  because  they  are  satisfied  where  there  is  nothing.  It  is  a 
fact  that  the  water  departments  and  the  communities  generally 
are  becoming  dissatisfied  with  the  abuse  of  privileges  which  have 
been  granted,  or  with  the  neglect  to  properly  care  for  favors  that 
have  been  conceded,  and  that  is  what  has  brought  about  this 
investigation  and  discussion.  The  check-valve  has  been  thor- 
oughly tried  and  found  wanting. 

Twenty-three  years  ago  good  mechanical  engineers  saw  in  "  the 
packed  stems  and  complicated  moving  parts  "  of  the  Burlington 
motor  insurmountable  obstacles  to  its  safe  and  satisfactory 
operation. 

Experience  with  the  motor  has  entirely  done  away  with  the 
misgivings  inspired  by  its  formidable  appearance,  as  it  will,  I  have 
no  doubt,  with  this  device. 

The  meter  on  such  a  device  would  naturally  be  inspected  as 
often  as  the  other  meters  on  the  system,  and  a  department  finding 
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it  worth  while  to  install  such  a  device  would  naturally  deem  it 
even  more  worth  while  to  be  assured  not  only  of  its  correct 
registration,  but  also  of  its  preparedness  for  satisfactory  operation 
under  all  conditions. 

Mr.  Dana.  Mr.  President,  if  this  Association  cares  to  go- 
ahead  without  consulting  the  interests  of  the  insurance  people^, 
it  seems  to  me  it  would  be  unwise,  for  they  certainly  have  rights; 
and  if  devices  are  put  in  which  the  insurance  people  find  by  tests 
to  be  unsatisfactory,  their  only  redress  is  to  raise  the  rate  up  to 
what  they  consider  it  is  worth,  and  that  I  think  they  will  do. 
They  certainly  cannot  take  chances  with  imperfect  devices,  and' 
they  are  surely  not  making  enough  money  nowadays  so  they  can 
afford  to  take  unnecessary  chances. 

Mr.  Leonard  Metcalf.  I  have  listened  to  Mr.  Crandall's 
description  of  this  device  and  to  this  discussion  with  a  great  deal 
of  interest.  Unfortunately  I  have  not  yet  had  an  opportunity 
to  see  the  device  in  action.  One  thing  occurs  to  me,  which  has 
been  suggested  by  the  discussion,  that  I  might  allude  to.  We  all 
recognize,  of  course,  that  there  is  a  great  difference  in  the  character 
of  the  water  which  is  supplied  by  different  works  in  different  parts 
of  this  country.  I  think  it  may  be  said,  generally  speaking,  that 
the  water  which  we  are  accustomed  to  use  in  this  part  of  the 
country,  in  the  Northeast,  carries  fewer  solids,  —  much  less  sedi- 
ment, —  than  the  water  which  we  find  in  many  works  in  the 
Middle  West  and  in  the  South,  so  that  we  would  look  for  a  great 
deal  more  trouble  from  sediment  in  those  regions  than  we  would 
in  this  vicinity.  It  occurred  to  me  as  Mr.  Dana  spoke  that  the 
difficulty  of  the  closing  up  of  this  small  pipe  leading  to  the  cylinder 
could  be  met  either  by  making  that  pipe  large  enough  to  meet 
their  requirements,  or  by  not  only  making  it  larger  but  also  by 
making  it  possible  for  the  insurance  inspectors  to  test  that  pipe 
by  permitting  water  to  flow  through  it  at  such  times  as  they  visit 
the  mills. 

In  regard  to  the  cylinder  itself,  I  can  conceive  of  conditions 
under  which  I  should  think  it  might  clog  with  sediment  in  the 
water.  However,  if  the  leather  cup  clogs  seriously,  I  should 
think  that  a  meial  piston  might  be  used,  which  would  be  less 
likely  to  clog.     Large  particles,  of  course,  can  be  screened  out  by 
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simple  screens.  Smaller  particles  might  with  a  leaky  piston  be- 
gradually  screened  out  by  the  piston  and  allowed  to  plug,  and 
under  those  conditions  I  assume  that  the  piston  would  not  work. 
But  with  our  waters  in  the  North  I  should  think  the  chances  of 
that  would  be  very  much  smaller  than  in  the  South  and  Middle 
West. 

Mr.  Robert  J.  Thomas.  I  will  state  that  on  this  pipe  which 
leads  to  the  top  of  the  valve  there  is  an  arrangement  by  which 
the  pipe  can  be  opened  at  will  by  anybody.  There  is  a  valve  on 
it,  or  plug-cock,  by  turning  which  it  can  be  demonstrated  at  once 
whether  the  valve  or  pipe  is  clogged  or  not.  That  could  be  easily 
done  by  the  meter  inspector  every  time  he  goes  there  to  read  the- 
meter. 
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THAWING  FROZEN  SERVICE  PIPES  BY  ELECTRICITY. 

BY    FRANK    A.    McINNES,    ASSISTANT     ENGINEER,    CITY    ENGINEER'S 
OFFICE,    BOSTON,    MASS. 

[An  Informal  Talk  at  the  Meeting  of  March  9,  1904.] 

Mr.  President,  —  My  experience  with  electric  thawing  has  not 
been  very  extended.  The  method  is  not  new,  as  it  has  been  tried 
in  the  West  to  a  considerable  extent.  About  three  weeks  ago  a 
friend  from  Missoula,  Mont.,  told  me  they  were  thawing  pipes 
out  there  by  electricity,  and  I  thought  it  was  time  for  the  city  of 
Boston  to  at  least  try  the  experiment.  The  water  commissioner 
was  kind  enough  to  say  "  Go  ahead,"  so  I  at  once  got  Mr.  Eldon, 
-electrical  engineer  of  the  Edison  Company,  interested,  and  we 
went  to  work. 

We  have  thawed  about  20  services ;  the  shortest  time  taken  was 
three  minutes,  and  the  longest  about  eight  minutes,  depending 
upon  the  strength  of  the  current.  We  first  used  the  Edison 
alternating  current  of  2  250  volts,  with  a  30  kilowatt  transformer 
and  a  water  rheostat  inserted  in  the  primary  circuit;  the  resulting 
current  was  approximately  280  amperes  at  58  volts.  In  the 
secondary  circuit  an  ammeter  was  used  to  determine  the  amperes 
flowing  and  a  voltmeter  to  determine  the  pressure.  One  of  the 
secondary  wires  was  connected  directly  to  the  service  pipe  inside 
of  the  house,  the  other  to  a  hydrant  on  the  main  pipe  in  the  street; 
in  about  four  minutes  water  began  to  trickle,  and  in  a  minute  or 
two  more  there  was  a  free  flow.  The  power  actually  used  on  the 
pipe  was  about  20  horse-power.  In  the  case  of  the  first  two  serv- 
ices thawed  out,  during  the  operation  I  had  my  bare  hand  on 
the  pipe,  and  only  a  sHght  warming  up  could  be  noticed. 

We  then  decided  to  try  less  power,  and  went  to  work  with  the 
Edison  direct  220-volt  current.  In  this  case  we  simply  connected 
one  end  of  a  wire  to  one  of  the  outside  wires  of  the  Edison  system 
and  the  other  end  directly  to  the  service  pipe  in  the  house;  no 
further  connections   were   made.     A   water    rheostat    in    circuit 
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reduced  the  pressure  to  about  20  volts,  and  about  300  amperes 
were  used.  Under  these  conditions  the  longest  time  taken  to 
thaw  a  service  was  eight  minutes.     All  services  were  of  lead. 

I  am  satisfied  that  the  practical  way  would  be  to  have  a  port- 
able plant;  such  as  a  gas  engine  and  dynamo,  capable  of  supplying 
8  to  10  horse-power.  That  would  undoubtedly  be  suitable  for  the^ 
purpose  and  would  be  entirely  independent  of  electric  light  cur- 
rents, or  street  railway  currents,  or  anything  of  the  kind,  and  the 
electricity  could  be  made  as  wanted. 

The  President.  You  think  it  would  be  perfectly  practicable 
to  employ  a  small  gas  engine? 

Mr.  McInnes.  That  is  the  only  way,  sir;  otherwise  it  is  neces- 
sary to  handle  a  current  of  high  voltage,  and  you  must  have  a 
man  who  knows  how  to  do  it.  It  is  rather  dangerous  work  except 
for  an  expert.  I  think  it  is  practicable  to  have  a  gas  engine 
and  dynamo  of  8  to  10  horse-power.  We  find  that  a  current  of 
300  amperes  and  20  volts  produces  the  desired  effect. 

The  President.     Have  you  had  any  experience  on  main  pipes? 

Mr.  McInnes.  I  have  not,  but  I  do  not  see  why  it  should  not 
work  just  the  same. 

The  President.  You  think  the  heating  effect  in  a  6-inch 
main  would  be  sufficient  with  that  number  of  amperes? 

Mr.  McInnes.  No,  you  would  have  to  increase  your  current,  of 
course, to  perhaps  700  or  800  amperes  and  use  higher  voltage  as  well. 

The  President.  If  you  were  going  to  equip  for  thawing  a 
main,  you  would  need  a  larger  apparatus? 

Mr.  McInnes.  For  thawing  mains,  perhaps  it  would  be  better 
to  use  the  Edison  or  the  Boston  Elevated  current. 

The  President.     Have  you  tried  it  on  a  hydrant? 

Mr.  McInnes.  No,  we  haven't.  We  didn't  appreciate  the 
value  of  the  method  until  the  hydrants  were  thawed  out.  I 
don't  know  why  it  should  not  work. 

The  President.  I  think  it  would  be  a  very  fruitful  field  for 
some  of  our  electric  friends. 

Mr.  McInnes.  Mr.  Eldon,  of  the  Edison  Company,  told  rjie 
this  morning  that  he  was  going  to  get  up  such  an  outfit  and  would 
advise  his  company  to  exploit  it,  as  he  thought  it  would  more 
than  pay  for  itself  as  an  advertisement. 
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The  President.  Well,  it  would  not  be  an  expensive  appara- 
tus, as  I  understand  it,  Mr.  Mclnnes? 

Mr.  McInnes.  I  don't  know  what  the  cost  would  be,  but  it 
would  exceed  a  thousand  dollars.  The  plan  we  adopted  was 
quite  inexpensive. 

Mr.  Freeman  C.  Coffin.  I  should  Hke  to  ask  whether  it  is 
simply  a  question  of  more  time  unless  you  have  a  high  voltage? 

Mr.  McInnes.  That  question  I  have  been  considering,  and 
I  have  supposed  it  was,  but  those  who  watched  the  last  thawing 
when  I  was  absent  say  that  they  do  not  think  so.  I  think  that 
7  or  8  horse-power  is  about  as  low  as  you  could  use,  but  I  am  not 
sure  of  that. 

The  President.  I  should  like  to  ask  whether  after  a  frozen 
service  pipe  is  thawed  it  is  not  necessary  to  let  the  water  run  in 
order  to  provide  against  its  freezing  up  again? 

Mr.  McInnes.  It  is  necessary.  We  had  that  experience  as 
well.  We  told  the  people  in  one  house  to  let  the  water  run,  and 
they  said  they  would  let  it  run  for  the  rest  of  the  winter.  On 
Dorchester  Street  we  thawed  out  a  pipe  and  advised  that  the 
water  be  let  run,  but  some  one  inadvertently  closed  the  cock 
within  a  minute  or  so,  and  in  ten  minutes  it  was  frozen  up 
again.     My  orders  were  to  let  the  water  run  at  least  two  hours. 

Mr.  F.  L.  Fuller.     Of  what  material  was  this  service  pipe? 

Mr.  McInnes.     It  was  of  lead. 

Mr.  Fuller.  Do  you  think  a  cement-lined  pipe  would  offer 
any   difficulty? 

Mr.  McInnes.  Well,  it  would  be  a  different  problem.  I  don't 
suppose  it  would  work  so  nicely  as  in  the  case  of  lead,  but  see  no 
re-ason  it  should  not  be  successfully  done. 

Mr.  a.  E.  Martin.  In  Pittsfield  they  have  been  thawing  pipes 
in  the  same  way.  There,  in  the  first  case,  they  thawed  500  feet 
of  6-inch  main  in  about  five  minutes.  That  can  be  verified,  I  am 
told,  by  the  authorities  there.  And  I  also  understand  that  in 
New  Jersey  they  have  had  a  little  experience  in  thawing  water 
pipes  by  electricity,  having  a  machine  which  is  mounted  on  wheels 
and  a  dynamo  that  they  cart  around  the  streets  and  use  in  that 
.section.  I  was  told  that  they  had  700  frozen  service  pipes,  and 
•that  they  thawed  them  out  at  the  rate  of  100  a  day. 
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Two  Views  of  Boiler  used  by  Manchester  Water  Works 
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A  PORTA r.I  E  BOTLER  FOR  USE  IN  THAWING  FROZEN 
PIPES,    ETC. 

BY     CHARLES     K.     WALKER,     SUPERINTENDENT    OF     WATER     WORKS, 
MANCHESTER,    N.    H. 

[Presented  March  9,    1904.] 

The  accompanying  photographs,  Plate  I,  show  a  portable  boiler 
which  I  have  used  for  thawing  the  ground  and  frozen  service  pipes 
during  the  past  winter  and  which  has  already  paid  for  itself;  it 
is  also  suitable  for  pumping  water  from  a  trench,  for  running  a 
.steam  drill,  or  for  other  purposes. 

The  machine  consists  of  a  vertical  boiler  mounted  in  an  iron 
frame  with  iron  axles,  with  four  wheels,  arranged  to  l^e  drawn  by 
one  or  two  horses. 

The  boiler  is  of  ample  capacity  to  furnish  steam  for  the  required 
purpose;  it  is  27  inches  outside  diameter,  46  inches  in  length,  with 
121  H-inch  tubes,  26  inches  long.  It  is  covered  \vith.  asbestos 
and  wood  lagging,  and  sheathed  with  planished  iron.  The  top 
is  fitted  with  a  suitable  smoke  stack. 

The  boiler  is  fitted  with  fire  door  and  grates,  steam  gage,  gage 
cocks,  safety  valve,  and  injector.  There  are  also  fuel  boxes  on 
•each  side  under  the  back  axle.  There  is  a  water  tank  of  sufficient 
capacity  to  furnish  the  water  required  for  the  boiler. 

Arrangement  is  made  for  seat  for  the  driver,  ^^Tth  tool  box 
underneath.  The  machine  is  also  supplied  with  steam  valves 
and  connection  to  the  hose  for  thawing  out  purposes;  also,  one 
2-inch  and  one  f-inch  ejector,  \\ith  suitable  suction  hose  and  foot 
valve  for  lifting  water  out  of  trenches  when  required. 

The  total  weight  of  the  machine  in  running  order  is  about  3  435 
pounds. 
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THE    LIFE    OF    CA8T-IR0N    PIPE. 

CONTRIBUTED   BY  MR.   C.   CAVALLIER,   DIRECTOR  OF  THE  FOUNDRIES 
OF   PONT-A-MOUSSON,   FRANCE. 

During  the  construction  of  the  Metropolitan  Underground 
Railway  of  Paris,  it  became  necessary  to  remove  one  of  the  mains 
of  the  Vanne  water  supply,  which,  unlike  many  of  the  pipes  of 
Paris  water  works,  was  laid  in  the  ground,  and  occupied  exactly 
the  location  required  for  the  subway,  for  a  distance  of  1  200' 
meters  (f  mile)  along  the  Boulevard  St.  Jacques.  This  main  was 
laid  in  1874,  and  consisted  of  cast-iron  pipes  with  bell  and  spigot 
joints,  800  millimeters  (32  inches)  in  diameter,  in  lengths  of  4 
meters  (13  feet).  The  disjointing  was  accomplished  by  cutting 
out  the  lead  with  chisels,  after  which  the  pipes  were  easily  separ- 
ated, the  loss  from  breakage  of  pipes  being  only  about  2  per 
cent. 

All  of  the  pipes  had  an  interior  coating  of  scale  about  6  or  7  milli- 
meters (^  inch)  thick,  which  was  easily  detached  with  the  hammer. 
The  iron  thus  laid  bare  was  in  a  perfect  condition  of  preservation. 
Much  of  the  coal-tar  coating  was  still  intact,  and  the  numbers  and 
weights  marked  in  white  lead  were  as  clear  as  though  just  ap- 
plied. The  exterior  of  the  pipes  was  also  in  good  condition.  The 
coating  still  remained  on  the  greater  part  of  the  surface,  while 
the  balance  had  undergone  a  slight  superficial  oxidation. 
Remembering  that  these  observations  apply  to  pipes  which  had 
been  in  service,  in  the  ground,  for  about  twenty-eight  years,  after 
which  they  were  in  nearly  as  good  condition  as  when  laid,  it  is 
easily  seen  how  safe  and  economical  is  the  use  of  cast-iron  pipes. 

A  still  more  convincing  fact  has  recently  been  observed.  The 
city  of  Paris,  requiring  the  land  occupied  by  the  Chaillot  pump- 
ing station  in  Place  de  I'Alma,  has  discontinued  that  station. 
This  was  the  first  station  erected  for  supplying  Paris  with  water. 
The  intake  consisted  of  flanged  cast-iron  pipes  extending  out  into- 
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the  Seine,  and,  as  it  was  no  longer  of  any  use,  it  has  been  taken  up 
from  the  river  bed. 

The  condition  of  these  pipes  after  so  long  a  period  of  immersion 
is  a  matter  of  considerable  interest.  They  were  in  so  good  a 
state  of  preservation  that  they  could  have  been  relaid,  but,  as 
they  were  of  antique  type,  they  have  been  broken  up  and  re- 
melted.  After  removing  the  scale  and  the  shellfish  which  had 
accumulated  upon  the  exterior,  the  words  "  Creusot,  an  10," 
in  raised  letters,  could  be  easily  read.  This  date  corresponds  to 
the  year  1802  of  our  calendar. 

The  metal  was  a  gray  cast  iron  of  excellent  quality,  the  frac- 
tures of  which  were  as  sharp  as  of  a  piece  just  from  the  foundry. 
No  alteration  of  either  interior  or  exterior  appeared  after  more 
than  a  century  of  submergence  in  the  river. 

Such  a  proof  of  the  durability  of  cast  iron  requires  no  com- 
ments, but  is  certain  to  impress  deeply  all  who  are  interested 
in  the  construction  of  permanent  conduits  for  water. 

NOTE    ON    OLD    WATER    PIPE    SYSTEMS   IN     FRANCE. 

Versailles,  Marly,  Meudon,  and  St.  Cloud. 

According  to  the  ilinistry  of  Public  Instruction  and  Art, 
the  conduits  which  supply  the  water  to  the  great  fountains  in 
the  park  of  Versailles  are  of  cast  iron,  and  date  from  the  same 
period  as  the  park  itself.     The  most  important  are  as  follows : 

Three  pipes,  500  miUimeters  (20  inches)  in  diameter,  3  000 
meters  (10  000  feet)  long,  which  bring  the  water  from  the  Park 
of  the  Trappists  to  the  reservoirs  of  Montbauron. 

Two  pipes,  500  millimeters  in  diameter  and  2  250  meters 
(7  500  ft.)  long,  and  3  pipes  325  millimeters  (13^  inches)  in 
diameter  and  1  500  meters  (5  000  ft.)  long,  which  convey  the 
water  from  the  reservoirs  of  ^lontbauron  to  the  principal  gate 
house. 

Two  pipes,  500  millimeters  in  diameter  and  3  000  meters 
(10  000  ft.)  long,  and  1  pipe  325  millimeters  in  diameter  and 
1  500  meters  (5  000  ft.)  long,  which  bring  water  from  the  reser- 
voirs of  Gobert  to  the  reservoirs  of  I'Aile. 

All  of  these  pipes  were  laid  in  1685,  or  219  ijears  ago.     The  con- 
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diiit  of  Chevreloup,  from  the  reservoir  of  I'Aile  to  the  Trianon, 
325  millimeters  in  diameter  and  3  500  meters  (11  500  ft.)  long, 
was  laid  in  1687,  or  217  years  ago. 

Several  old  pipes  of  various  diameters  for  conveying  water 
from  the  reservoirs  of  Picardie  to  those  of  Montbauron,  for  dis- 
tribution within  the  parks  and  in  the  town,  and  the  spring-water 
conduit,  having  in  all  a  length  of  about  8  000  meters  (26  000  ft.), 
were  laid  between  1664  and  1688,  or  from  216  to  240  years  ago. 

All  of  these  pipe  lines  consist  of  pipes  one  meter  in  length, 
joined  by  means  of  bolted  flanges.  They  are  of  considerable 
weight,  and  still  serve  their  purpose  satisfactorily. 

The  few  repairs  which  have  been  required  have  generally  been 
necessitated  by  the  bad  condition  of  the  flange  bolts,  which  have 
rusted  out. 

Rheims. 

According  to  Mr.  Lamandiere,  engineer  and  superintendent  of 
the  Rheims  Water  Works,  the  water  supply  of  that  town  was  estab- 
lished in  1748  by  Mr.  Godinet,  canon  of  the  cathedral.  This 
system  was  in  more  or  less  regular  service  until  1840.  At  this 
time  a  new  system,  much  better  constructed,  was  built  and  is 
still  in  operation,  although  with  considerable  modifications  and 
enlargements. 

The  distribution  pipes  in  Canon  Godinot's  system  were  of  lead. 
In- building  the  pumping  works  some  cast-iron  pipes  of  the  system 
built  in  1748  were  found.  These  were  about  20  centimeters  (8 
inches)  in  diameter  and  1.20  meters  (4  feet)  long,  with  square 
flanges.     These  pipes  were  in  good  condition  when  found. 


Clermont-Ferrand . 

Mr.  Dalechamps,  engineer  and  superintendent  of  public  works 
of  Clermont-Ferrand,  furnishes  the  following  notes  relating  to 
the  old  cast-iron  water  pipes  of  that  town: 

On  December  5,  1730,  a  meeting  of  the  town  council  noted  that 
the  conduit  was  considerably  damaged.  Sixteen  years  later,  on 
September  14,  1746,  the  commissioners  of  fountains  made  an 
agreement  with  the  Sieur  Marchais,  iron  merchant  of  Paris,  for 
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furnishing  pipes  of  cast  iron  for  the  fountains.  The  works 
were  constructed  about  1748-49.  The  conduit,  for  a  length  of 
1  570  meters  (5  150  ft.),  consists  of  1  555  tubes  5  or  6  inches  in 
diameter  and  3  feet  long.  On  the  plain  where  the  pressure  is 
greatest  the  pipes  are  9  lines  (0.8  inch)  in  thickness,  elsewhere 
they  are  6  Hues  (0.5  inch)  thick. 

In  1867  the  old  conduit  was  paralleled  by  cast-iron  pipes  with 
lead  joints,  wiiich  was  to  supplement  the  old  system.  This  is 
now  out  of  service  at  several  points. 

The  pipes  were  cast  horizontally.  The  flange  joints  were  made 
with  a  thick  lead  gasket,  sometimes  as  much  as  23  millimeters 
(l  inch)  in  thickness.  The  system  is  under  a  considerable  pres- 
sure. 

Saint-Etienne. 
According   to   jMr.    Andrieu,   engineer   and   superintendent   of 
pubhc  works  of  Saint-Etienne,  there  are  in  that  city  some  cast- 
iron  pipes  which  have  been  in  service  since  1782,  or  for  one  hun- 
dred and  twentv-two  vears. 
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RATES    FOR    METERED    WATER. 

[Topical  Discussion,  March  9,  1904.] 

Mr.  Freeman  C.  Coffin.*  I  suppose  I  am  assigned  to  open 
this  discussion  because  I  am  one  of  the  members  of  the  com- 
mittee recently  appointed  by  this  Association  to  consider  the 
rates  for  metered  water.  This  committee  as  yet  has  done  but 
little.  We  have  had  two  meetings  and  discussed  the  matter 
somewhat.  Whether  we  shall  De  able  to  do  anything  worth 
while  remains  to  be  seen.  It  is  an  important  subject,  and  there 
are  a  great  many  sides  to  it.  I  think  most  of  us  believe  that 
the  extended  use  of  meters,  and  perhaps  the  universal  use  of 
meters,  is  desirable  and  inevitable.  Many  of  us  consider  the 
use  of  meters  as  a  means  of  water-waste  prevention  rather  than 
a  matter  of  raising  or  securing  revenue  from  water  works.  The 
prevention  of  the  waste  of  water  seems  to  be  the  most  important 
function  of  meters. 

There  are  used  in  different  places  from  20  gallons  per  capita 
to  —  well,  it  is  difficult  to  say  —  perhaps  300  gallons  of  water 
per  capita  daily.  There  is  a  legitimate  difference  in  the  use  of 
water.  Some  places  use  legitimately  twice  as  much,  perhaps  three 
times  as  much,  as  other  places.  The  per  capita  consumption  tends 
to  increase  with  the  increase  of  population,  due  to  the  various  uses 
of  water  that  occur  in  a  large  place  in  excess  of  those  in  a  small 
place.  The  larger  the  place,  the  more  extended  the  use  of  water. 
Some  communities  actually  use  a  large  amount  of  water  for 
manufacturing  purposes.  Generally  speaking,  however,  large 
consumption,  exceeding  from  40  to  75  gallons  per  capita  daily, 
is  due  to  waste  and  not  to  use.  In  an  ordinary  town  or  city  the 
actual  use  of  water  will  probably  not  exceed  from  30  to  60  gal- 
lons, or  possibly,  in  extreme  cases,  75  gallons  per  capita  per  day. 

Some  meters  are  used  in  all  places  to  measure  the  water  of 
large  users,  but  regarding  the  meter  as  a  means  of  preventing 

*  Civil  Engineer,  Boston,  Mass. 
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the  waste  of  water,  a  community  or  w^ater  department  when 
considering  the  general  adoption  of  meters  finds  that  one  of  the 
most  important  points  to  be  considered  is  the  effect  of  meters 
upon  the  revenue.  A  certain  amount  of  revenue  must  be  raised, 
and  what  is  not  received  from  the  consumers  must  be  raised  by 
taxation.  There  is,  of  course,  a  difference  of  opinion  in  regard 
to  the  amount  or  proportion  that  should  be  raised  by  revenue 
and  by  taxation.  That  question  is  not  the  subject  of  discussion 
to-day,  but  when  the  amount  is  once  determined  that  shall  be 
raised  by  rates  from  the  consumer,  then  upon  the  adoption  of 
meters  it  is  desirable  that  the  revenues  shall  not  become  less 
than  that  amount;  that  is,  there  shall  not  be  any  deficiency. 
This  has  nothing  to  do,  of  course,  with  the  question  whether 
rates  are  high  or  low.  That  is  another  question,  but  certainly 
if  meters  are  adopted,  the  revenue  must  be  kept  up.  I  don't 
know  that  there  is  any  concensus  of  opinion  in  regard  to  what 
effect  the  adoption  of  meters  will  have  upon  the  revenue.  When 
rates  are  arranged  upon  a  fixture  basis,  arbitrary  and  unscien- 
tific as  it  usually  is,  we  know  approximately  what  the  revenue 
will  be;  but  if  we  adopt  meters,  a  change  is  made  which  may  in- 
crease or  decrease  the  revenue,  and  it  is  difficult  to  determine 
which. 

Now,  the  question  comes.  How  shall  the  revenue  be  raised, 
and  how  shall  the  meters  be  applied?  Shall  we  endeavor  to  use 
meters  upon  all  services,  even  those  with  one  faucet  only,  or  leave 
out  the  services  with  one  faucet  and  apply  meters  only  to  services 
with  more  than  one  faucet?  In  many  cases  the  minimum  meter 
rate  is  fixed  at  $10  a  year.  That,  of  course,  shuts  out  single 
faucets  in  communities  where  the  single  faucet  rates  are  about 
S6.  Now,  a  single  faucet,  under  some  conditions,  causes  a  great 
deal  of  waste.  Take  a  house  where  the  pipe  is  not  well  protected 
from  frost,  and  we  all  know  that  the  waste  caused  by  letting  the 
water  run  to  prevent  freezing  is  very  serious.  It  seems  to  me  that, 
if  possible,  meter  rates  should  be  so  arranged  that  meters  can  be 
placed  upon  single  faucets.  On  the  other  hand,  if  we  place  the 
minimum  rate  at  $5  or  $6,  in  order  to  meter  single  faucets,  houses 
with  bath  tubs,  water  closets,  and  set  tubs,  and  all  the  appliances 
of  modern  comfort  and  luxury  in  the  use  of  water,  will  pay  their 
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$5  or  $6,  and,  if  they  are  very  frugal,  they  will  perhaps  pay  no 
more.  The  chances  are  they  will  not  pay  the  $14,  $15,  $18,  or 
$20  they  are  now  paying. 

The  question  is  whether  it  is  not  perfectly  reasonable  and  just, 
that  without  regard  to  the  amount  of  water  they  use,  houses 
having  all  these  conveniences  for  the  use  of  water  should  pay  a 
larger  amount  than  houses  of  only  one  faucet.  It  seems  to  me 
that  it  is.  The  water  works  are  built  at  great  expense  to  provide 
those  things,  and,  to  a  certain  extent,  the  greater  the  conven- 
ience and  luxury  derived  from  the  water  works,  the  greater  the 
payment  should  be.  That  may  not  be  possible  under  the  mini- 
mum rate  that  admits  of  metering  a  single  faucet. 

Now  there  is  a  class  of  towns,  of  which  we  have  a  good  many 
examples  in  Massachusetts,  where  there  is  a  permanent  population 
as  distinguished  from  a  transient  population.  The  transients 
use  more  water  in  proportion  while  in  town  than  the  other  people. 
In  summer  places,  so-called,  the  consumption  tends  to  be  very 
large.  If  you  have  meters  with  a  minimum  rate  of  $5  or  $10, 
whatever  it  may  be,  those  people  are  rarely  going  to  pay  any 
excess,  unless  the  excess  is  charged  quarterly,  because  they  are 
there  only  two  or  three  months.  Now,  it  may  be  said  that  a 
man  who  uses  water  only  in  the  summer  should  not  be  charged 
so  much  as  the  man  who  uses  it  the  year  round,  but  that  is  not 
true;  it  costs  just  as  much  to  supply  a  consumer  with  water  for 
one  month  as  it  does  for  twelve  months.  The  supply  has  to  be 
as  large,  especially  if  the  use  of  the  water  is  in  the  summer,  at 
the  time  when  the  supply  is  lowest;  the  piping  must  be  just  as 
large,  the  pumps  and  the  reservoirs  must  be  as  large,  and  there 
iff  no  difference  in  the  fixed  charges.  We  all  know  the  fixed 
charges  of  a  water  system  constitute  the  principal  item  of  cost. 
If  we  include  with  fixed  charges  the  salaries  and  operating  ex- 
penses, which  are  not  variable,  the  only  cost  that  varies  with 
the  consumption  is  the  cost  of  coal.  The  difference  in  coal  for 
pumping  is  comparatively  small,  whether  a  man  uses  water  in  the 
summer  only  or  in  the  winter  as  well.  In  some  of  these  places  the 
use  of  meters  would  reduce  the  tremendous  waste  of  water  that 
goes  on.  I  have  one  place  in  mind  where  the  daily  consumption 
is  about  300  gallons  per  capita  in  the  summer  time,  based  upon 
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the  actual  number  of  people  there,  not  the  permanent  popula- 
tion. I  know  of  another  place  of  not  over  2  500  people  which 
uses  250  gallons  per  capita.  This  excessive  use  of  w^ater  certainly 
recjuires  the  use  of  meters. 

I  believe  that  we  all  admit  that  the  use  of  meters  is  the  only 
practical  means  of  restricting  the  waste.  It  can  be  restricted  by 
a  careful  and  persistent  inspection,  but  that  means  a  good  deal 
of  money,  and  it  means  much  persistence,  more  than  is  usually 
devoted  to  it,  and,  in  spite  of  inspection,  waste  will  continue. 
It  is,  I  think,  fair  to  say  that  meters  are  the  only  practical 
way  of  restricting  the  waste  of  water.  These  places  that  I 
speak  of  require  meters,  but  how  can  the  rates  be  fixed?  Al- 
though a  very  large  amount  of  water  is  used  in  the  summer  for 
two  or  three  months,  the  entire  amount  used  in  the  year  is  small, 
and  the  revenue  received  at  usual  meter  rates  will  not  meet  the 
expense  of  maintaining  large  works  the  year  through  in  order  to 
supply  water  for  a  few  months.  That  is  one  of  the  serious 
problems  of  arranging  meter  rates. 

Now,  the  question  of  the  effect  on  the  revenue,  the  (juestion 
of  the  class  of  services  which  can  be  metered,  and  the  question 
of  the  class  of  communities  in  which  the  meters  shall  be  applied,  — 
all  these  must  be  considered.  As  I  have  already  stated,  the  com- 
mittee which  has  been  appointed  by  this  Association  has  done 
very  little  as  yet.  It  has  sent  out  some  blanks,  and  has  received 
a  great  many  replies.  On  the  blanks  were  two  questions  in  regard 
to  receipts.  One  was  whether  a  house  with  full  pluml)ing  imder 
metered  service  in  the  particular  town  under  consideration  l^rought 
in  a  greater  or  less  revenue  than  without  meters.  Most  of  the 
answers  to  this  question  indicate  that  the  receipts  are  generally 
less. 

Another  cpiestion  was.  Is  the  total  net  revenue  greater  or  less? 
The  answers  examined  seem  to  show  that  it  is  less. 

Now,  I  have  taken  the  figures  from  the  reports  of  Reading, 
Mass.,  and  have  made  a  diagram  that  shows  the  results  graphi- 
cally. This  diagram  (Fig.  1)  shows  what  I  am  trying  to  indicate, 
namely,  that  upon  the  general  introduction  of  meters  the  revenue 
decreases.  The  diagram  covers  the  period  from  1891  to  1903. 
It  will  be  seen  that  the   increase   in  the  number  of  services  is 
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quite  uniform,  and  that  the  increase  in  revenue  was  quite  rapid 
until  1887,  at  which  time  there  were  20  per  cent,  of  the  services 
metered.  During  the  next  year  the  metered  services  were 
increased  to  93  per  cent.,  and  the  revenue  fell  from  about  '%8  150 
to  $6  400,  or  more  than  20  per  cent.     It  began  to  rise  again,  the 
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next  year,  b\it  it  was  nearly  three  years  before  it  was  equal  to 
that  of  1887. 

The  diagram  shows  clearly  the  tendency  of  the  revenue  to 
decrease  with  a  general  installation  of  meters. 

The  committee  on  metered  rates  is  not  responsible  for  any- 
thing I  say  here,  as  T  am  only  speaking  as  an  individual.     I  want, 
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however,  to  make  a  certain  suggestion  as  to  a  possible  method 
■of  fixing  meter  rates,  because  I  should  like  to  have  some  discus- 
sion on  it  and  see  whether  it  is  considered  feasible,  or  whether 
it  has  been  tried,  and  what  the  attitude  of  the  Association  would 
be  towards  it.  I  shall  probably  suggest  this  method  to  the  com- 
mittee for  consideration:  Take  the  case  of  established  works, 
with  a  revenue  based  upon  fixture  rates  when  the  adoption  of 
meters  is  being  considered;  it  may  be  done  in  the  way  I  suggest 
and  avoid  a  possible  reduction  of  revenue  and  also  cover  some  of 
the  other  points  that  I  have  raised.  The  suggestion  is  that  the 
fixture  rates  in  use  be  continued  without  change;  the  meter  to  be 
used  simply  as  a  means  to  check  the  waste.  That  will  leave 
practically  the  same  revenue  which  they  have  been  receiving, 
except  where  there  is  an  excess  used.  It  might  be  wise  to  make 
a  reduction  in  the  fixture  rates  of  5  or  10  per  cent,  as  an  induce- 
ment to  the  consumers  in  the  adoption  of  meters.  Under  my 
suggestion  it  is  assumed  that  the  department  will  own  the  meters, 
and  make  no  charge  for  rent;  it  might  or  might  not  require  a 
•deposit.  Then  put  on  meters  wherever  the  consumers  desire 
them,  or  wherever  the  department  desires  them,  —  it  should, 
of  course,  be  at  the  option  of  the  department  where  the  meters 
are  to  be  placed,  —  and  read  them  quarterly.  Now,  each  con- 
sumer shall  have  the  right  to  use  without  excess  payment  an 
amount  of  water  which  at  the  meter  rates  wall  correspond  to  the 
sum  he  pays;  that  is,  if  he  has  one  faucet,  and  he  pays  $6  for  the 
water,  he  may  use  each  quarter  $1.50  worth  of  water  without 
further  payment,  but  if  he  uses  any  more  than  that  in  any 
quarter,  he  will  pay  for  the  excess.  The  bill  perhaps  would  not 
be  collected  in  that  quarter,  but  that  would  be  a  matter  of  de- 
tail. The  rates  may  be  collected  as  now.  If  collected  in  ad- 
vance, the  fixture  rate  would  be  paid,  and  if  an  excess  is  used, 
that  might  be  paid  for  each  quarter  or  at  the  end  of  the  year. 

The  meter  rate  may  be  arbitrary,  as  now,  or  based  upon  the 
cost  of  supplying  the  water.  In  the  latter  case  the  price,  of 
■course,  would  differ  in  different  places,  and  in  some  places  a 
consumer  would  get  more  water  for  his  fixture  rates  than  he 
would  in  others;  that  depends  largely  on  natural  conditions. 
This  is  about  all  there  is  to  the  suggestion.     It  is  simply  a  device 
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to  avoid  some  of  the  difficulties  that  are  met  in  adopting  meters. 
In  case  of  towns  that  have  a  large  summer  population,  the  con- 
sumers would  pay  their  fixture  rates,  and  if  they  came  in  the 
summer  and  used  a  large  amount  of  water,  they  would  pay  for 
the  excess  water  they  used  in  that  quarter. 

There  may  be  a  great  many  objections.  I  am  making  this 
suggestion  in  ignorance,  and  I  hope  it  will  be  discussed;  it  may 
be  of  some  use  and  it  may  be  of  no  use.  At  any  rate,  it  would, 
I  believe,  cover  the  case  of  summer  places,  and  it  would,  above 
all,  determine  in  advance  something  like  what  the  revenue  would 
be,  and  it  would  be  effective  in  reducing  the  waste  of  water, 
which  is  what  we  are  really  after  in  the  metered  system. 

I  hope  the  other  members  of  the  committee  mil  have  some- 
thing to  say  from  their  standpoints.  As  I  have  already  said,. 
this  is  what  I  have  to  offer  individually,  and  what,  to  a  certain 
extent,  I  may  offer  to  the  committee  later. 

Mr.  H.  V.  Macksey.*  Before  we  can  hope  to  offer  anything 
to  be  generally  adopted,  it  would  be  well  if  we  can  find  out  the 
view  taken  by  the  members  of  the  Water  Works  Association. 
I  have  been  unable  to  learn  whether  a  water  works  is  supposed 
to  be  a  public  service  corporation  or  an  eleemosynary  institution. 

If  we  discuss  the  subjects  of.  rates  with  men  who  represent 
certain  cities  and  towns,  and  ask  them  why  they  are  serving 
water  at  different  prices  to  different  classes,  they  argue  that  it 
is  not  fair  to  charge  all  alike.  The  wealthy  man  who  owns  a 
residence  with  high  valuation,  they  say,  can  afford  to  pay  more 
than  a  man  who  lives  in  a  little  shack  and  has  but  a  single  tap. 
Yet  in  some  towns  and  cities  where  they  adopt  this  method  of 
assessing  rates,  when  the  wealthy  man's  property  reaches  a  cer- 
tain valuation,  they  cease  to  base  assessment  on  that  valuation. 
There  is  a  maximum  valuation,  and  they  consider  one  man  too 
wealthy  to  tax  and  one  too  poor  to  tax,  and  it  is  the  unfortunate 
middle  class  which  gets  ground  in  between  their  two  systems. 

My  personal  opinion  is  that  water  as  supplied  by  cities,  towns, 
or  public  service  corporations  should  be  supplied  at  the  same 
price  per  quantity  to  all  takers,  and  that  if  it  is  necessary  to 
take  care  of  the  "poor,   it  should  be  done  directly   and  openly 

*  Deputy  Superintendent  of  Streets,  Boston,  Mass. 
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through  general  taxation  and  not  by  an  institution  that  is 
supposed  to  be  run  on  a  business  basis. 

We  find  also  another  objection.  We  are  told  that  if  we  put 
meters  on  all  services  and  compel  the  large  manufacturer  to  pay 
at  the  same  rate  for  water  that  the  small  taker  does,  we  shall 
drive  the  large  manufacturer  out  of  that  town,  and  consequently 
many  of  the  residents  will  be  put  out  of  employment,  and  we  are 
told  that  other  towns  and  cities  will  take  that  factory,  giving  it 
land  and  taxes  free.  If  cities  and  towns  wash  to  do  that,  very 
well,  but  they  should  not  charge  this  tax  up  to  the  small  water 
taker. 

I  think  the  proper  way  to  sell  water  is  to  sell  it  at  a  uniform 
rate,  making  that  rate  as  low  as  possible,  and  meter  every  serv- 
ice. Yet  I  cannot  find  many  who  agree  with  me.  The  scheme 
laid  down  by  Mr.  Coffin  is  practical.  The  only  weak  feature  we 
can  see  at  present  is  that  we  must  find  money  to  cover  first  cost, 
inspection,  and  maintenance  of  meters.  That  money  must  be 
provided  in  some  way,  and  if  you  tell  a  water  taker  that  he  must 
pay  that  expense,  he  opposes  meters  as  an  expensive  luxury.  If 
you  ask  a  city  or  town  to  supply  the  money  from  general  tax 
levy,  they  ask  you  to  earn  it  all.  This  scheme  proposed  a 
reduction  in  rates.  In  the  meantime,  you  must  have  money  to 
buy  and  install  meters. 

There  was  another  scheme  proposed  by  a  member  of  the  com- 
mittee, whom  I  do  not  see  present,  that  there  should  be  a  serv- 
ice rate,  every  service  being  metered;  a  certain  fixed  charge  for 
each  rate  of  service,  including  meter,  should  be  made,  and  a  uni- 
form rate  for  water  in  addition.  That  seems  to  be  approved  by 
a  number  of  persons  with  whom  I  have  talked.  That  scheme 
seems  feasible  in  very  many  cases.  The  only  difficulty  is  the 
provision  of  money  to  establish  meter  service. 

Eventually  we  will  reach  a  point  where  we  must  install  meters 
and  sell  water  at  a  uniformly  fair  rate  to  all.  Takers  will  not 
stand  different  rates  on  metered  water  any  more  than  they  will 
on  metered  gas.  We  must  get  down  to  a  basis  where  we  treat 
every  one  alike.  If  it  is  a  temporary  expedient  to  get  meters 
started  on  the  plea  of  waste  and  not  service,  I  think  the  plan  laid 
down  by  Mr.  Coffin  very  good  and  feasible. 
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Mr.  Caleb  M.  Saville.*  I  think  the  subject  has  been  well 
gone  over  by  others,  and  especially  so  by  Mr.  Coffin.  The  scheme 
which  Mr.  Macksey  has  just  spoken  of  may  be  worthy  of  con- 
sideration, but  I  do  not  think  it  is  anything  more  than  a  sugges- 
tion. Perhaps  it  is  well  that  it  is  given  here,  and  then  leave  it 
open  for  discussion. 

I  have  outlined  a  method  which  I  should  like  to  have  con- 
sidered by  the  members. 

When  changing  from  a  fixture  to  a  meter  system  of  assessing 
water  rates,  it  is  undoubtedly  desirable  to  make  as  little  dis- 
turbance as  possible  in  the  existing  rates. 

Most  rate  payers  expect  a  reduction  in  the  water  bill  after  a 
meter  has  been  installed,  and  are  sure  that  the  meter  is  incor- 
rectly registering  if  they  are  disappointed.  In  some  places  a 
handsome  profit  is  obtained  yearly  from  the  conduct  of  the  water 
works,  but  in  most  municipal  works  the  rates  are  so  low  as  hardly 
to  pay  all  the  demands  upon  them.  In  such  cases  it  is  hard  to 
see  how  a  still  further  reduction  can  oe  made  and  yet  have  the 
works  self-supporting.  In  many  cases  undoubtedly  this  could 
T^e  done  if  the  works  were  run  on  the  economical  basis  they  would 
he  if  under  private  management. 

The  items  of  construction  and  extension,  belonging  wholly  to 
new  work  and  constituting  additions  to  the  plant,  it  is  not  neces- 
sary to  consider  here,  as  it  is  generally  conceded  that  they  may 
equitably  be  met  by  bond  issue  and  become  a  charge  on  future 
generations.  If  this  be  granted,  the  principal  items  of  expense 
to  be  met  yearly  are: 

(1)  Office  expenses,  meter  reading,  maintenance,  and  renewals. 

(2)  Interest  on  bonded  debt. 

(3)  Payment  to  sinking  fund. 

(4)  Pumping  and  other  costs  directly  affected  by  quantity  of 
water  used. 

There  seems  to  be  no  question  that  the  present  practice  of 
fixture  rates  is  illogical  and  has  no  basis  for  consideration  at  this 
time,  when  means  for  accurately  and  cheaply  measuring  water 
are  at  hand. 

After  a  service  Is  installed  it  is  just  as  much  work  to  maintain 

*  Division  Engineer,  Metropolitan  Water  Works,  Boston,  Mass. 
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it,  whether  it  passes  ten  cubic  feet  a  day  or  one  thousand,  with  the 
exception  that  the  investment  and  repair  in  the  case  of  the  larger 
meter  is  somewhat  greater  than  in  the  smaller  ones.  This  item 
could  be  adjusted  readily  in  the  scheme  outlined  below.  On 
account,  therefore,  of  the  nature  of  the  charges  in  Item  1,  it 
seems  equitable  that  they  should  be  divided  equally  among  all 
services  (excepting  as  modified  by  size  of  meter).  The  other 
three  items  are  governed  in  more  or  less  degree  by  the  quantity^ 
of  water  required,  and  therefore  might  be  charged  for  at  a  flat 
rate  per  1  000  gallons  or  per  100  cubic  feet. 

In  brief,  the  proposed  agreement  would  consist  of  two  parts : 

(1)  Expense  for  office,  meter  reading,  maintenance,  and  re- 
newals divided  by  the  total  number  of  service  connections,  this 
to  be  a  fixed  charge  for  every  service. 

(2)  Expense  for  pumping,  interest  on  bonds,  and  pajanent  to 
sinking  fund  divided  by  the  net  amount  of  water  supplied  to  the 
town  or  city  {%.  e.,  total  of  the  service  meters,  assuming  that  all 
services  are  metered),  each  rate  payer  to  be  charged  at  this  rate- 
for  the  quantity  of  water  registered  on  his  meter. 

The  above  plan  would  avoid  all  expense  for  survey  of  prem- 
ises to  determine  a  rate,  and  no  readjustment  would  be  necessary 
if  new  fixtures  were  added  or  old  ones  abandoned.  Each  con- 
sumer would  be  treated  exactly  as  every  other,  and  only  such 
water  as  was  actually  used  would  be  paid  for. 

Under  this  system  (no  minimum  rate  and  no  allowance  of 
water)  it  would  not  be  necessary  to  collect  rates  quarterly  in 
order  to  forestall  the  saving  of  water  for  summer  use,  as  is  fre- 
quently done  under  minimum  rate  payment,  because  all  water 
used  would  be  paid  for.  This  would  be  a  considerable  saving 
in  clerical  expense,  as  only  bills  to  large  consumers  under  this 
plan  would  need  to  be  rendered  quarterly.  Rates  should  be 
payable  in  advance,  with  an  adjustment  at  the  end  of  the  year, 
a  discount,  perhaps,  given  for  prompt  payment,  and  a  fine  for 
those  who  are  dilatory.  No  rebate  should  be  given  except  for 
incorrect  registration  by  the  meter,  which  should  be  owned  by 
the  water  department.  A  flat  rate  should  be  paid  for  all  water 
used,  from  the  least  to  the  greatest  amount,  —  the  nature  of  the 
use    and  the   benefit    obtained   from  the   supply  offsetting   the- 
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advantages  supposed  to  accrue  from  the  sale  of  large  ciuantities 
to  a  single  consumer. 

In  a  town  or  city  contemplating  a  change  from  fixture  to  meter 
rates,  under  this  plan  the  present  expenses  would  be  taken  as  a 
basis,  and  the  rate  per  thousand  gallons  adjusted  to  return  a 
sufficient  revenue.  The  cost  of  meter  installation  should  prop- 
erly be  charged  to  construction  or  extension,  and  be  met  out  of 
the  proceeds  of  the  bond  issue. 

All  water  should  be  paid  for  just  as  any  other  commodity, 
and  no  distinction  made.  If  it  seem  best  to  make  certain 
classes  of  property  bear  a  greater  share  of  the  cost,  a  portion 
of  the  expense,  as  payment  to  sinking  fund  or  interest  on  debt, 
might  be  assessed  either  on  street  frontage  or  real  estate  valuation. 
This  would  seem  just,  as  the  convenience  and  luxury  undoubtedly 
are  of  value,  and  should  be  paid  for  by  the  consumer.  If  a 
portion  of  the  rates  be  so  assessed,  the  difficulty  experienced 
with  the  single  faucet  payer  will  be  overcome,  and  he,  too,  will 
pay  only  for  the  water  used. 

By  assessing  a  portion  of  the  rates  on  frontage  or  valuation, 
the  summer  resident  would  have  to  pay  his  full  share  toward 
the  conduct  of  the  works.  The  yearly  cost  of  maintenance  of 
the  system  for  the  few  months  he  uses  the  water  then  would  be 
met  by  the  fixed  charge,  the  water  would  be  paid  for  in  pro- 
portion to  the  quantity  vised,  while  the  advantages  incidental 
±0  a-  full  supply  of  water  would  be  met  by  the  real  estate 
amount. 

Mr.  C.  R.  Felton.*  There  is  one  thing  in  relatioa  to  Mr. 
Coffin's  diagram  which  strikes  me  forcibly  —  he  shows  a  decided 
decrease  in  revenue.  If  the  people  get  just  as  good  service  and 
use  just  as  much  water  as  they  need  under  the  meter  system,  it 
must  be  conceded  that  while  the  city  or  town  may  have  lost 
through  the  decrease  in  revenue,  it  was  certainly  saved  to  the 
people  who  pay  the  water  bills. 

In  addition  to  this,  in  the  case  of  a  city  or  town  nearing  the 
limit  of  its  supply,  if  interest  and  sinking  fund  on  a  new  supply 
for  several  years  could  be  saved,  it  might  make  a  very  different 
showing  so  far  as 'net  revenue  is  concerned. 

*  City  Engineer,  Brockton.  Mass. 
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In  the  case  of  our  own  system,  had  we  used  anywhere  near 
ithe  amount  of  water  used  in  other  cities,  we  should  have  had 
to  secure  a  new  supply  ten  or  fifteen  years  ago. 

The  following  table  shows  the  consumption  of  water  in  Brock- 
ton since  1892,  which  was  the  first  year  that  records  were  avail- 
able, the  pumping- plant  being  installed  at  that  time: 
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We  have  about  90  per  cent,  of  our  services  metered,  and  our 
consumption  for  the  last  ten  years  has  not  exceeded  33  gallons 
per  capita  daily.  I  vshould  say  that  perhaps  90  per  cent,  of  the 
population  are  consumers.  Up  to  1892  we  had  no  system  of 
sewers.  It  has  always  been  argued  that  as  soon  as  you  get  a 
system  of  sewers,  the  water  consumption  is  going  to  materially 
increase.  The  first  years  that  we  had  any  sewers  the  water 
consumption  rose  to  about  33  gallons  per  capita,  and  we  ascribed 
it  more  or  less  to  the  new  sewers,  but  the  next  year  it  went 
back  to  32  gallons,  and  the  next  year  after  that  to  27  gallons, 
and  we  have  never  had  a  consumption  of  over  30  gallons  per 
<3apita  since  that  time  until  within  a  year  or  two.  We  now  have 
&  daily  consumption  of  about  33  gallons  per  capita,  but  of  this 
there  are  about  8  gallons  which  we  cannot  account  for,  and,  in 
my  opinion,  it  is  due  to  leakage  from  the  system  through  ser- 
vices and  mains. 
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I  agree  with  what  a  previous  speaker  has  said,  I  think  there 
should  be  a  flat  rate  for  metered  water, —  that  every  one  should 
pay  the  same  amount  for  water  used,  but  we  do  not  do  it  that 
way;  the  usual  rate  of  30  cents  per  thousand  gallons  is  decreased 
for  large  users,  and  the  manufacturers  have  a  maximum  rate  of 
25  cents  per  thousand  gallons  and  a  minimum  rate  of  15  cent& 
per  thousand  gallons. 

Mr.  Frank  E.  Merrill.*  Mr.  President,  I  think  Mr.  Coffln's- 
paper  and  Mr.  Macksey's  remarks  have  covered  the  subject 
matter  which  has  been  before  the  committee  so  thoroughly  that 
I  don't  know  that  I  have  anything  to  add  on  that  topic,  I  agree 
very  largely  with  the  statements  made  by  those  gentlemen 
with  the  conditions  that  they  bring  up. 

The  meter  system  in  Somerville  is  in  its  infancy.  I  think  we 
are  alive  there  to  the  importance  and  the  advantages  of  such  a 
system,  but  we  have  not  as  yet  acquired  very  much  experience,, 
as  our  domestic  meters  have  been  in  operation  hardly  a  year. 

I  am  one  of  those  who  agree  with  my  friend  Macksey  in  be- 
lieving that  the  rate  should  be  a  flat  rate,  and  should-  be  made 
as  low  as  possible.  I  always  felt  that  it  was  a  discrimination 
against  householders  —  whom  the  water  supply  of  a  city  is 
supposed  to  primarily  benefit : —  to  charge  them  for  the  small 
amount  which  they  require  a  larger  price  than  is  charged  to 
manufacturers  for  the  use  of  water  in  their  business,  and  I  am 
pleased  to  say  that  we  have  this  year  in  Somerville  changed  our 
basis  of  assessing  rates  from  the  graded  scale  to  practically  a 
flat  rate.  The  old  rate  was  14  cents  per  100  for  the  first  20  000- 
cubic  feet  used  in  a  quarter,  13  cents  for  the  next  20  000,  12 
cents  for  the  next  960  000,  and  8  cents  for  quantities  above  that. 
Our  rate  now,  since  the  first  of  January,  is  12  cents  per  100  cubic 
feet  for  all  quantities  less  than  1  000  000  cubic  feet  used  in  a 
quarter,  which  covers  practically  everything  in  our  city,  as  we 
have  but  two  or  three  customers  who  use  larger  quantities  than 
that. 

I  think  in  another  year,  Mr.  President,  I  shall  have  acquired 
some  experience,  and  may  have  something  of  greater  interest 
to  offer  to  the  members  of  the  Association  than  I  have  to-day. 

*  Water  Commissioner,  Somerville,  Mass. 
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Mr.  Andrew  D.  Fuller.*  Mr.  President,  1  think  it  is  the 
(hity  of  a  town  to  introduce  meters  for  the  purpose  of  estab- 
Hshing,  as  Mr.  Macksey  said,  a  method  of  giving  each  consumer 
the  water  for  which  he  pays.  I  have  had  occasion  to  see  the 
waste  of  water,  especially  from  the  tap  end  of  the  system.  If 
the  plant  is  well  constructed  and  in  repair,  the  real  waste  is 
caused  by  the  j^uIdKc,  and  I  think  it  is  to  the  public  only  that 
you  can  look  to  stop  the  waste.  I  have  found  that  there  is  a 
large  difference  in  houses  of  the  same  class  in  the  per  capita  con- 
sumption, and  this  applies  not  only  to  the  expensive  houses, 
the  houses  of  the  rich,  as  you  might  say,  but  also  to  the  houses 
of  the  middle  class.  I  will  give  two  illustrations  which  occurred 
last  summer.  One  was  in  a  house  where  the  consumption  was 
1 1  000  gallons  a  day.  The  consumption  was  far  too  large  even 
for  that  house.  On  investigating  the  conditions,  I  found  there 
was  an  actual  leakage  through  the  house  of  6  000  gallons  a  day. 
I  am  very  certain  that  would  never  have  been  found  if  the  man 
had  not  had  a  meter  and  had  not  been  obliged  to  pay  on  the 
metered  rate.  He  said  it  was  on  account  of  the  excessive  water 
bill  that  he  caused  an  investigation  to  be  made.  Now  take  a 
house  of  another  class,  where  the  house  consumption  was  never 
over  200  or  250  gallons  a  day;  the  hose  in  one  hour  ran  600 
gallons. 

I  think  we  all  appreciate  green  lawns,  but  to  any  one  who  has 
examined  the  various  lawns  it  is  perfectly  apparent  that  there 
is  a  great  w^aste  there.  By  continually  watering  the  lawns  the 
ground  gets  very  moist,  it  is  easily  dried  in  the  sun,  and  the  roots 
come  to  the  surface,  so  that  to  keep  the  lawn  green  it  is  neces- 
sary to  continue  excessive  watering.  If  the  man  had  had  to  pay 
b}^  the  meter,  he  would  have  shut  off  the  hose  on  the  time  limit 
fixed  by  the  town;  you  know  that  depends  on  the  inspectors. 

There  is  another  duty  which  we  have  to  perform,  and  that 
is  from  the  sanitary  standpoint  and  also  from  the  question  of 
comfort.  It  is  true  that  the  fixtures  in  the  house  are  not  mul- 
tiplied as  much  as  they  would  be  if  a  man  was  paying  on  a  me- 
tered rate  for  the  water  that  he  used.  It  is  true  that  with  the 
multiplication  of  fixtures  the  use  of  water  increases  in  the  house, 

*  Civil  Engineer,  Boston,  Mass. 
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but  the  increase  is  not  proportional  to  the  increase  in  fixtures. 
This  is  something  which,  from  a  sanitary  point  of  view,  should 
be  encouraged,  that  is,  make  it  as  convenient  as  possible  to  use 
the  water  for  washing  and  domestic  purposes.  From  the  other 
side,  I  think,  as  we  have  accepted  the  ordinary  rule  of  assess- 
ment, a  man  should  pay  according  to  the  benefits  received.  It 
is  only  fair  that  he  should  do  so. 

Mr.  William  Paul  Gerhard.*  Mr.  President,  I  am  not  pre- 
pared to  say  much  on  this  question.  I  am  not  connected  with 
water  works  directly.  However,  I  have  a  great  deal  to  do  with 
the  installation  of  water  pipes  in  houses,  and  I  would  say  that 
in  New  York  City,  in  new  buildings  of  large  size  and  also  in 
many  private  houses,  with  which  I  have  largely  to  do,  we  always 
set  a  meter,  and  the  cost  of  the  meter  is  paid  by  the  owner.  We 
do  not  find  any  difficulty;  the  owners  don't  seem  to  object  to  it 
at  all.  I  have  no  doubt  that  the  results  attained  are  beneficial 
in  checking  waste,  and  we  find  very  little  complaint  from  the 
owners  in  regard  to  exorbitant  bills. 

Talking  about  fixture  rates,  I  might,  perhaps,  in  connection 
with  that,  relate  a  peculiar  experience  which  I  have  had.  About 
twelve  years  ago  I  moved  to  Brooklyn,  now  consolidated  with 
New  York,  and  in  my  small  house  I  had  one  bathroom  with 
three  fixtures.  The  rates  were  by  frontage  and  by  the  number 
of  stories,  a  fixed  rate,  and  in  addition  for  each  fixture  after  the 
first,  they  charged  a  fixed  sum  per  year;  that  is,  for  a  bath  tub 
more  than  the  first  bath  tub,  they  charged  a  fixed  sum.  I  got 
it  into  my  head  to  try  in  my  bath  room  a  little  fixture  —  it  is 
called  a  bidet.  It  is  a  small  vessel  which  you  can  use  for  a 
foot  bath  or  other  purposes,  and  it  uses  not  more  than  a  gallon 
or  so  of  water.  The  water  inspector  came  there,  and  when 
the  next  bill  came  around,  I  was  charged  for  two  bath  tubs.  I 
went  to  the  water  department  and  mildly  objected.  I  argued 
that  if  I  really  had  two  bath  tubs  in  my  house,  as  the  bill  claimed, 
certainly  two  people  should  be  able  to  take  a  bath  at  the  same 
time,  that  is,  that  there  would  have  to  be  two  different  bath  rooms, 
which  was  not  the  case,  and  I  explained  the  character  of  this 
little  fixture,  but  for  year  after  year  I  have  paid  for  two  bath 

*  Consulting  Engineer,  New  York  City. 


TOPICAL    DISCUSSION.  237 

tubs,  although  I  have  but  one  in  my  house.  I  might  add  that 
since  Brooklyn  was  consolidated  with  New  York  this  has  been 
changed,  and  the  bidet  is  not  now  charged  for. 

Mr.  John  C.  Chase.*  Mr.  President,  my  voice  has  been  heard 
here  so  often  in  favor  of  the  general  use  of  water  meters,  that  I 
hardly  think  that  I  can  add  anything  new  on  this  well-threshed 
subject. 

The  gentleman  who  spoke  a  few  minutes  ago  said  he  was 
in  favor  of  water  meters  because  a  man  then  got  what  he  paid 
for.  I  am  of  the  opinion  that  the  average  non-metered  con- 
sumer generally  gets  a  good  deal  more  than  he  pays  for,  or  would 
use  if  he  had  to  pay  by  the  quantity  instead  of  by  fixture,  and 
that  the  main  object  of  the  meter  is  to  insure  the  supplying  agency 
getting  paid  for  the  water  used.  The  equitable  adjustment  of 
the  water  tax  is  also  an  important  function  of  the  meter. 

I  happen  to  be  officially  connected  with  two  water  supply 
companies.  With  one  I  had  nothing  to  do  with  its  inception  or 
the  establishing  of  the  rates  and  regulations.  Meters  are  not 
sanctioned  except  where  the  water  is  used  for  manufacturing 
or  commercial  purposes.  I  am  certain  that  a  general  use  of 
meters  would  have  saved  us  quite  an  expenditure  of  money  in 
increasing  our  supply,  and  our  receipts  would  be  more  equitably 
derived  from  the  consumers.  In  the  other  concern  with  which 
I  am  connected,  meters  were  put  in  use  to  quite  an  extent  when 
the  works  were  first  started,  over  twenty  years  ago.  We  began 
with  furnishing  the  meter  free  to  the  consumer,  except  for  a 
fixed  charge  of  $2.50  for  setting  and  boxing,  which  was  a  very 
radical  departure  for  a  water  company,  or  for  a  municipality, 
for  that  matter.  A  fixture  rate  was  provided  for  dwelling  houses 
where  it  might  be  reasonably  assumed  that  the  legitimate  use  of 
water  would  have  a  fairly  close  relation  to  the  number  of  fix- 
tures and  the  size  of  the  family.  All  other  consumers  were  re- 
quired to  have  meters,  and  any  consumer  could  have  a  meter 
provided  a  minimum  rate  of  $10  per  year  would  be  paid.  The 
result  is  that  practically  all  consumers  whose  fixture  rate  would 
be  more  than  $10  per  year  elect  to  have  meters,  and  about  70 
per  cent,   of  the  services  are  metered.     The  general  price  for 

*  Civil  Engineer,  Derry,  N.  H. 
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metered  water  is  20  cents  per  thousand  gallons,  and  one  year  the 
metered  water  averaged  a  higher  price  than  that,  on  account 
of  the  large  number  of  consumers  whose  use  did  not  amount  to 
that  allowed  for  the  minimum  charge.  At  the  same  time  the 
unmetered  water  only  brought  us  an  average  price  of  6  cents  per 
thousand  gallons,  after  a  liberal  deduction  for  the  estimated 
quantity  used  for  fires,  leakage,  and  slip  of  the  pumps.  As  the 
cost  of  the  water  delivered  to  the  consumer  was  some  8  cents  per 
thousand  gallons,  it  will  be  seen  that  the  unmetered  water  was 
being  sold  for  less  than  cost,  while  the  metered  supply  footed 
the  bills. 

I  am  a  firm  believer  in  the  meter  being  owned  by  the  water 
department,  whether  public  or  private.  It  can  then  be  inspected 
and  repaired  at  the  option  of  the  owner,  with  much  less  chance 
for  friction  or  complaint.  It  is  virtually  done  at  the  expense 
of  the  consumer  in  any  event,  as  he  pays  for  it  in  an  increased 
tax  levy  if  a  municipality  owns  the  works  and  in  a  higher  price 
for  the  water  if  it  is  a  water  company;  and  if  it  is  an  indirect 
charge,'  it  attracts  much  less  attention.  Personal  experience 
upholds  the  opinion  expressed.  Our  meters  are  watched  closely, 
and  when  a  decreasing  registration  is  indicated,  the  meter  is 
removed,  and  the  necessary  repairs  made  to  bring  it  up  to  its 
original  efficiency. 

The  question  of  rates  is  largely  of  local  application,  and  no 
hard-and-fast  rule  can  be  made  that  will  apply  to  all  places.  It 
goes  without  saying  that  the  average  domestic  consumer  can 
afford  to  pay  a  higher  price  per  thousand  gallons  than  the  manu- 
facturing or  commercial  consumer.  At  least  the  domestic  taker 
cannot  easily  get  his  supply  from  any  other  source,  while  the 
manufacturer  may  quite  likely  avail  himself  of  a  supply  that 
would  not  be  suitable  for  domestic  use,  and  at  a  price  much 
lower  than  the  water  company  would  be  justified  in  accepting. 

I  am  inclined  to  believe  that  the  same  meter  rate  should  be 
charged  for  all  commercial  or  manufacturing  purposes  without 
reference  to  the  individual  consumption,  making  a  distinction  of 
class  rather  than  quantity.  I  may  also  say  that  it  is  plainly  evi- 
dent that  the  meter  has  come  to  stay,  and  that  a  generation  hence 
its  non-use  will  be  as  rare  as  its  use  when  my  attention  was  first 
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drawn  to  the  subject  some  thirty  years  ago.  I  am  not  prepared 
to  advocate  their  use  on  services  with  a  single  faucet  for  domes- 
tic use,  as  the  expense  of  maintenance  of  a  meter  is  too  large  a 
proportion  of  the  gross  recei]its,  and  a  reasonal^le  inspection 
service  will  reduce  the  prooal^le  waste  to  a  minimum.  They 
could  be  applied,  however,  in  such  cases,  whenever  it  was  thought 
best  to  correct  any  abuse  of  the  single  fixture  privilege.  The 
general  use  of  meters  will  come  as  the  result  of  educating  the 
pul)lic  u]i  to  the  point  that  it  is  the  only  equitable  way  of  a])por- 
tioning  the  rate  and  preventing  an  abuse  of  privilege. 

Mr.  Julius  C.  Gilbert.*  Mr.  President,  I  am  a  believer  in 
meters;  still,  I  think  I  should  hardly  believe  in  metering  all  the 
faucets  in  a  country  town.  We  have  in  my  towai  between  1  ()()() 
and  1  100  services,  and  50  per  cent,  of  them  are  metered.  If 
we  undertook  to  make  a  flat  rate  for  water  for  every  one,  I  think 
we  should  get  into  trouble.  We  charge  30  cents  per  1  000 
gallons,  provided  a  consumer  does  not  use  over  1  000  gallons 
per  day.  If  he  uses  over  1  000  gallons  per  day,  he  has  it  for  25 
cents  per  1000  gallons;  if  over  2  000  gallons,  20  cents;  and 
if  over  3  000  gallons,  15  cents  per  1  000  gallons.  Some  years 
ago  we  had  the  New  York,  New^  Haven  &  Hartford  R.  R.  as  a 
customer.  They  thought  they  ought  to  have  their  water  —  they 
used  a  large  ciuantity  —  for  12  cents  per  1  000  gallons,  and  we 
refused  to  allow  them  to  have  it  at  that  price.  Consequently, 
they  laid  pipes  to  a  small  meadow  pond  and  we  lost  them  as  a 
customer,  which  took  away  something  like  $1  000  per  year  of 
revenue.  We  also  have  quite  a  number  of  large  shoe  factories. 
Some  of  them  wanted  water  at  a  cheaper  rate,  and  we  refused 
to  give  it  to  them  for  less  than  15  cents,  and  they  drove  w-ells  and 
are  pumping  their  own  water.  By  not  reducing  the  rate  to 
them  we  lost  something  like  one  quarter  of  our  revenue. 

It  seems  to  me  that  if  you  undertook  to  make  a  flat  rate  in 
any  country  town,  it  would  work  just  the  same  as  in  other  towns 
as  it  did  in  ours  if  you  refuse  to  cut  the  rates  to  large  consumers. 
There  are  many  places  in  town  where  it  would  not  be  profit- 
able for  us  to  meter  the  water.  I  have  in  mind  one  block  in 
particular  where  there  are  a  great  many  offices  and  stores  and 

*  Treasurer  Whitman  (Mass.)  Water  Works. 
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fixtures  of  different  kinds,  washbowls  and  water  closets,  which 
we  have  had  the  good  luck  not  to  be  asked  to  meter.  In  such  a 
block  as  that,  you  all  know,  if  a  man  has  an  office,  that  really 
he  would  not  use  $3  worth  of  water  a  year,  or  even  perhaps 
more  than  a  quarter  of  that,  while  we  get  $6  for  each  one  of 
those  faucets  all  through  the  block. 

In  another  instance  we  had  a  double  tenement  house  which 
was  paying  us  from  $12  to  $20  a  year,  and  we  put  in  a  meter 
and  now  we  only  get  $6  for  the  water.  And,  by  the  way,  we 
charge  them  39  cents  per  quarter  for  a  common  five-eighths  inch 
meter.  From  these  double  tenement  houses  in  our  town  we  only 
get  about  $6  for  both  tenements,  for  the  reason  that  they  are 
occupied  by,  perhaps,  a  man  and  his  wife,  both  of  whom  work  in 
the  shop,  and  the  amount  of  water  they  use  is  very  small  indeed. 
We  have  a  number  of  those  cases  where  it  reduces  our  revenue 
very  much  to  put  in  meters.  Still,  as  our  supply  was  very  short, 
we  have  put  them  in,  and  we  shall  continue  to  do  so. 

We  have  in  the  past  two  years  put  in  meters  on  all  the  new 
houses  that  have  been  built,  because  they  all  have  bath  tubs 
and  water  closets,  and,  of  course,  they  don't  want  to  pay  the 
faucet  rates. 

It  seems  to  me  there  is  a  great  difference  in  towns.  We 
could  hardly  make  a  rate  which  would  be  applicable  to  all 
the  towns  in  New  England.  Whatever  this  Association  might 
decide  upon  as  a  proper  rate,  most  towns  would  feel  that  they 
should  be  governed  more  by  the  local  conditions  than  by  any- 
thing that  this  Association  might  do.  I  like  the  idea  of  Mr. 
Coffin,  but  still  I  hardly  think  it  would  be  applicable  to  all  places. 
I. only  wish  that  we  could  all  have  a  water  supply  that  we  could 
get  by  gravity,  and  then  we  would  get  a  good  income  and  we 
could  please  all  the  people.  I  am  troubled  a  great  deal  with 
complaints  about  the  water  bills.  If  a  man  has  a  little  larger 
bill  one  quarter  than  usual,  he  thinks  he  knows  a  great  deal 
more  about  the  amount  of  water  he  is  using  than  we  do  when 
we  read  the  meter.  I  have  often  told  them  that  I  don't  see  any 
use  in  having  meters  if  a  man  who  had  water  in  his  house  could 
tell  every  quarter  just  how  much  he  used. 

Now,  another  thing  which  affects  the  consumption  of  water  a 
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great  deal  is  the  use  of  water  on  lawns.  Our  works  have  been 
in  about  twenty  years;  the  first  few  years  everybody  flooded  the 
lawns  —  you  could  see  water  running  down  the  street  every- 
where, nights  and  mornings.  Then  we  passed  a  vote  in  town 
meeting  that  hose  should  be  used  only  two  hours  per  day,  at 
night,  and  before  eight  o'clock.  We  did  the  best  we  could,  but 
1  found  the  hose  all  running  at  eleven  and  twelve  o'clock  at 
night,  and  they  all  thought  they  were  smart  to  do  it.  You  all 
know  how  that  is.  We  have  many  good  men  in  the  town,  but 
t  hey  will  get  all  the  water  they  can  for  nothing.  I  guess  that  is 
al)out  so  everywhere.  I  am  inclined  to  think  that  the  only 
right  way  is  to  meter  water,  but  still  I  think  that  if  a  man  uses 
a  great  quantity,  we  have  got  to  let  him  have  it  at  a  less  rate 
than  a  man  who  does  not  use  more  than  $5  or  $6  worth. 

Mr.  John  0.  Hall.*  Mr.  President,  this  matter  is  of  vital 
importance  to  the  water- works  man.  It  seems  to  me  that  every 
one  who  has  spoken  has  rehearsed  the  difficulties  under  which 
lie  has  labored,  and  yet  not  one  has  touched  the  keynote  of  the 
whole  difficulty.  The  duty  resting  upon  water  men,  upon  pub- 
lic servants,  is  to  administer  their  affairs  for  the  interest,  the 
profit,  and  the  welfare  of  the  entire  commimity.  The  whole 
difficulty,  as  it  seems  to  me,  is  that  they  are  confusing  the  method 
of  administration.  I  believe  in  Massachusetts  the  question 
presents  itself  in  this  way:  The  community  pays  for  the  estab- 
lishment of  the  plant.  The  cost  of  the  establishment  should 
go  into  the  general  tax  levy,  and  in  that  way  it  is  divided  fairly. 
The  vacant  land  in  any  community  is  enhanced  in  value  by  the 
establishment  and  maintenance  of  a  good  water  plant.  Then 
the  men  with  large  properties,  or  the  corporations  with  valu- 
able plants,  pay  their  proportion  in  the  general  tax.  Then,  for 
maintenance,  every  individual  pays  for  the  water  which  he  uses. 
That  can  only  be  accomplished  fairly  by  measuring,  as  accu- 
rately as  possible,  the  water  which  he  uses,  costing  that  com- 
munity to  furnish  so  much  per  gallon.  After  you  have  provided 
for  the  expense  "^ of  the  establishment  of  the  plant,  dividing  it 
among  the  individuals  in  that  community,  you  have  then  elimi- 
nated from  the  question  much  of  the  difficulty. 

In  Massachusetts  we  are  allowed  to  tax  SI 2  on  a  thousand 

*  Ex-Mayor,  Quincy,  Mass. 
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for  the  current  expenses  of  a  community.  We  are  allowed 
in  addition  to  tax  for  the ,  municipal  debt,  water  debt,  sewer 
debt,  and  everything  of  that  sort.  We  charge  that  amount  into 
our  annual  tax  levy.  Now,  the  individuals  pay,  in  addition  to 
that,  for  the  maintenance  of  the  water  plant  each  year.  If  you 
establish  meters  and  one  man  uses  10  000  gallons  and  another 
1  000  gallons,  one  man  pays  at  a  fixed  rate  the  cost  of  furnish- 
ing him  with  10  000  gallons  and  the  other  man  pays  the  cost  of 
furnishing  him  with  1  000  gallons.  The  establishment  of  the 
plant  has  already  been  provided  for,  and  has  been  eliminated 
from  the  account. 

I  do  not  believe  in  a  flat  rate.  I  do  believe  in  assessing  to 
each  individual  the  cost  per  gallon  of  the  water  which  he  uses, 
and  under  those  circumstances  he  cannot  complain.  The  act- 
ual experience  is  this:  We  assess  a  fixed  rate  for  water,  which  is 
guessed  at,  one  man  paying,  say,  $5  for  so  many  fixtures,  another 
man,  without  any  knowledge  of  what  he  uses,  pays  another  sum, 
and  the  result  is  an  accumulation  in  excess  of  the  expenses  of 
the  water  department,  which  the  legislative  body  will  proceed 
to  appropriate  for  other  expenses  of  the  municipality.  The  re- 
sult is  that  in  every  community  there  is  transfer  from  the  re- 
ceipts of  water,  amounts  varying  in  different  communities,  but 
exceeding,  to  a  large  extent,  in  a  great  many  communities,  the 
amount  which  the  statute  allows  them  to  tax  to  the  city.  I 
believe  the  only  proper  course  is  to  put  into  the  general  levy 
the  cost  of  construction,  apportioned  upon  all  the  valuation, 
and  then  charge  the  individuals  for  the  water  which  they  use. 
Adopting  that  principle,  you  have  simplified  the  question,  you 
have  made  it  fair,  just,  and  equitable  to  every  community,  large 
and  small.  Adopting  this  policy  may  result  in  a  reduction  of 
revenue,  but  it  will  also  result  in  a  reduction  of  expenses;  any 
expense  will  be  divided  as  the  actual  cost  and  not  an  amount 
which  is  guessed  at,  which  will  yield  an  excess  of  revenue  over 
cost,  which  may  be  at  the  disposal  of  the  legislative  body. 

I  believe  it  is  the  business  of  the  water  department  to  stand 
firmly  to  this  principle:  That  the  water  should  be  furnished  to 
the  citizens  at  .its  cost,  and  that  no  profits  should  result  from 
the  administration  of  the  water  dc])artmeiit  which  can  be  appro- 
priated or  applied  to  any  other  purpose. 
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PROCEEDINGS. 

^Iarch  Meeting. 

Hotel  Brunswick, 
Boston,  March  9,  1904. 
President  Brooks  in  the  ehair. 
The  foUowing  members  and  guests  were  present:  — 

Members. 
S.  A.  Agnew,  F.  E.  Appleton,  C.  H.  Baldwin,  L.  M.  Bancroft,  J.  E.  Beals, 
George  Bowers,  E.  C.  Brooks,  Fred  Brooks,  C.  F.  Chandler,  J.  C.  Chase,  F.  C. 
Coffin,  M.  F.  Collins,  G.  E.  Crowell,  A.  W.  Dean,  L.  N.  Farnum,  August  Fels, 
B.  R.  Felton,  C.  R.  Felton,  J.  H.  Flynn,  F.  F.  Forbes,  A.  D.  Fuller,  W.  P. 
Gerhard,  J.  C.  Gilbert,  D.  H.  Gilderson,  A.  S.  Glover,  F.  W.  Gow,  R.  A.  Hale, 
J.  O.  Hall,  J.  C.  Hammond,  Jr.,  T.  G.  Hazard,  Jr.,  F.  W.  Hodgdon,  H.  G. 
Holden,  J.  L.  Howard,  Willard  Kent,  C.  F.  Knowlton,  E.  S.  Larned,  G.  A. 
King,  A.  E.  Martin,  W.  E.  Maybury,  F.  E.  Merrill,  A.  G.  Pease,  H.  E.  Perry, 
Dwight  Porter,  W.  W.  Robertson,  C.  M.  Saville,  S.  P.  Senior,  C.  W.  Sherman, 
A.  T.  Safford,  G.  A.  Stacy,  G.  T.  Staples,  F.  P.  Stearns,  J.T.  Stevens,  W.  F. 
Sullivan,  C.  N.  Taylor,  R.  J.  Thomas,  W.  H.  Thomas,  J.  L.  Tighe,  W.  H. 
Vaughn,  C.  K.  Walker,  G.  E.  Winslow,  E.  Worthington.  —  61. 

Honorary  Member. 
F.  W.  Shepperd.  —  1. 

Associates. 
Builders  Iron  Foundry,  by  F.  N.  Connet;  Chapman  Valve  Mfg.  Co.,  by 
Edward  F.  Hughes;  Coffin  Valve  Co.,  by  H.  L.  Weston;  Hersey  Mfg.  Co.,  by 
Albert  S.  Glover,  James  A.  Tilden,  W.  A.  Hersey;  Henry  F.  Jenks;  Kennedy 
Valve  Co.,  by  M.  J.  Brosman;  Lead  Lined  Iron  Pipe  Co.,  by  T.  E.  Dwj'er; 
Ludlow  Valve  Mfg.  Co.,  by  H.  F.  Gould;  H.  Mueller  Mfg.  Co.,  by  W.  L.  Dickel; 
National  Lead  Co.,  bj'  G.  L.  Whittemore;  National  Meter  Co.,  by  Charles  H. 
Baldwin  and  J.  G.  Lufkin;  Neptune  Meter  Co.,  by  W.  H.  Van  Winkle  and 
H.  H.  Kinsey;  Norwood  Engineering  Co.,  by  H.  N.  Hosford;  Perrin,  Seamans 
&  Co.,  by  James  C.  Campbell;  Rensselaer  Mfg.  Co.,  by  Fred  S.  Bates;  A.  P. 
Smith  Mfg.  Co.,  by  D.  F.  O'Brien;  Sumner  &  Goodwin  Co.,  by  H.  A.  Gorham; 
Sweet  &  Doyle,  by  H.  L.  De Wolfe;  Thomson  Meter  Co.,  by  S.  D.  Higley;  The 
William  Tod  Co.,  by  Irving  H.  Reynolds,  Fred  C.  Gifford.  —  25. 
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Guests. 

Charles  E.  Harris,  Superintendent  Water  Co.,  Rockville,  Conn.;  W.  O. 
Mudge,  Water  Registrar,  Lynn,  Mass.;  F.  L.  Weaver  and  R.  J.  Crowley, 
Members  Water  Board,  Lowell,  Mass.;  J.  F.  Gleason,  Quincy,  Mass.;  Alex 
MacPhail,  Hingham,  Mass.;  Morris  F.  Whiton,  Treasurer  Water  Co.,  Hing- 
ham,  Mass. ;  Jolin  J.  Moore,  Hingham,  Mass. ;  E.  D.  George  and  Frank  Pease, 
Merrimac,  Mass.;  George  E.  Waite,  Providence,  R.  I.;  Mr.  Dickens,  Newbury- 
port,  Mass.  —  12. 

(Names  counted  twice.  —  2.) 

The  following  applicants,  being  recommended  b}'  the  Executive 
Committee,  were  elected  to  membership:  — 

Elisha  F.  Haywood,  Water  Commissioner,  Woburn,  Mass.; 
Redmond  E.  Walsh,  Water  Registrar,  Woburn,  Mass.;  Timothy 
V.  Sullivan,  General  Foreman  Meter  Service,  Boston  Water  De- . 
partment,  1413  Washington  Street,  Boston,  Mass.;  Oren  E.  Parks, 
City  Engineer,  Westfield,  Mass.;  J.  Emile  Vanier,  Chief  Engineer 
cities  of  St.  Henry  and  St.  Cunegonde,  also  towns  of  Maisonneuve, 
St.  Louis,  and  Valleyfield;  address:  107  St.  James  Street,  Mon- 
treal, Canada. 

Mr.  Charles  K.  Walker  showed  photographs  of  a  boiler  used  by 
him  for  thawing  frozen  ground,  hydrants,  pipes,  etc. 

Mr.  Charles  H.  Eglee,  HydrauHc  Engineer,  of  Boston,  addressed 
the  Association  on  the  subject  of  ''Experiences." 

A  topical  discussion  was  opened  by  Mr.  Freeman  C.  Coffin, 
C.E.,  of  Boston,  on  "  Rates  for  Metered  Water,"  which  was  con- 
tinued by  Messrs.  H.  V.  Macksey,  Caleb  M.  Saville,  F.  F.  Forbes, 
C.  R.  Felton,  Frank  E.  Merrill,  Frank  L.  Fuller,  Andrew  D. 
Puller,  William  Paul  Gerhard,  John  C.  Chase,  Julius  C.  Gilbert, 
and  John  O.  Hall. 

Mr.  Frank  A.  Mclnnes,  of  Boston,  gave  an  account  of  his  ex- 
perience during  the  past  winter  in  thawing  water  pipes  by  elec- 
tricity. 

A  paper  prepared  by  Mr.  Edward  H.  Cowan,  Superintendent 
of  Waterworks,  Marion,  Ohio,  on  "  The  Detection  and  Prevention 
of  Water  Waste  at  Marion,  Ohio,"  was  read  by  Mr.  Charles  W. 
Sherman. 

Adjourned. 
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EXECUTIVE    COMMITTEE. 

March  9,  1904. 
Present:  President  E.  C.  Brooks  and  Messrs.  Bancroft,    Beals, 
Hammond,  Holden,  W.  Kent,  Merrill,  Sherman,  and  Thomas. 
Five  applications  for  membership  were  received  and  approved. 

WiLLAKD  Kent,  Secretary. 


OBITUARY. 

John  C.  Broatch,  Superintendent  of  Water  Works  at  Middle- 
town,  Conn.,  died  on  April  2,  1904. 

He  was  born  in  Middletown  on  March  14,  1S43.  He  served 
throughout  the  Civil  War  in  the  Second  and  Fourteenth  Connecti- 
cut regiments,  and  rose  to  the  rank  of  major,  \\ith  the  brevet 
rank  of  colonel. 

On  February  4,  1871,  Major  Broatch  was  chosen  Secretary  of 
the  Board  of  Water  Commissioners  and  Superintendent  of  Water 
Works  at  Middletown,  and  held  this  position  continuously  until 
his  death,  with  the  exception  of  a  single  year.  He  also  served  in 
the  state  legislature  in  1887  and  1888. 

Mr.  Broatch  was  elected  a  member  of  the  New  England  Water 
Works  Association  on  April  21,  1885. 
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THE   DRIVEN   WELLS   AT  THE   MT.   WASHINGTON, 

A    HOTEL    AT    BRETTOX    WOODS.    N.    H. 

A  CORRECTION. 

BY   WM.    PAUL  GERHARD,  CONSULTING   ENGINEER,   NEW  YORK     CITY, 
[June  25,  1903.] 

In  the  discussion  on  the  paper  by  Mr.  George  Bowers,  City 
Engineer  of  Lowell,  Mass.,  on  "Underground  Water,"  which  ap- 
peared in  the  June,  1903,  number  of  the  Journal  of  the  New 
England  Water  Works  Association,  I  find  reported  certain 
statements  by  i\Ir.  Charles  N.  Taylor,  Contractor  and  Engineer,  of 
AYellesley,  Mass.,  which  contain  errors  that  seem  to  call  for  a  cor- 
rection. I  greatly  regret  not  having  been  present  at  the  meeting 
to  answer  Mr.  Taylor  then  and  there  and  to  correct  those  errors. 

First  of  all,  let  me  state  that  I  was  the  engineer  selected  by  the 
]\It.  Pleasant  Hotel  Company  to  prepare  plans  and  specifications 
and  superintend  the  construction  of  their  new  water- works  plant 
at  Bretton  Woods,  N.  H. 

The  true  history  of  this  little  plant  is  as  follows:  Before  the 
new  hotel  called  "The  Mt.  Washington  "  was  contemplated,  the 
other  hotel  of  the  Mt.  Pleasant  Hotel  Company,  "The  Mt.  Pleas- 
ant," was  supplied  with  water  from  a  deep  artesian  well  with  a 
steam  pump;  the  depth  of  this  artesian  well  is  stated  variously 
at  396  and  408  feet.  Besides  this  deep  well  the  company  had 
seven  other  shallow  driven  wells  in  a  basin  of  gravel  near  the  golf 
grounds  of  the  hotel.  These  wells  varied  in  depth  from  20  to 
23  feet;  they  were  2^  inches  in  diameter  and  were  reported 
to  yield  an  average  of  about  20  gallons  per  minute  each.  Owing 
to  the  large  consumption  of  water,  it  was  necessary  to  keep  the 
artesian  well  pump,  as  well  as  the  electric  pump  operating  the 
shallow  wells,  going  about  eighteen  hours  a  day. 
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When  I  was  requested,  in  1901,  by  the  company  to  take  the 
matter  of  water  supply  in  hand,  it  occurred  to  me,  after  a  preUmi- 
nary  survey  of  the  locahty,  a.-^  the  first  thing,  that  if  it  were  possi- 
ble to  obtain  from  some  mountain  brook  a  gravity  supply  suffi- 
cient in  quantity  for  the  new,  as  well  as  the  old,  hotel,  this  would 
be  the  most  desirable  plan,  as  it  would  do  away  with  the  cost  and 
nuisance  of  pumping.  I  at  once  arranged  for  proper  surveys  to 
be  made  for  a' new  supply,  in  which  I  was  ably  assisted  by  Mr. 
Ray  T.  Cile,  Civil  Engineer  and  Surveyor,  of  Littleton,  N.  H. 
Summing  up  the  results  of  the  survey,  I  would  say  that  we  found 
it  possible,  by  going  a  little  over  four  miles  along  the  base  road 
running  from  Fabyans  to  near  the  foot  of  the  cogwheel  railroad 
up  Mt.  Washington,  and  thence  following  a  side  line  Into  the 
woods  toward  the  foot  of  Mt.  Clinton,  to  obtain  a  very  large  sup- 
ply of  pure  mountain-brook  water.  This  plan  I  recommended 
to  the  company,  but  for  certain  reasons,  among  which  I  mention 
only  the  requirements  of  right  of  way,  it  was  not  possible  for  the 
company  to  adopt  at  that  time  the  gravity  system,  which  would 
have  secured  for  both  hotels  an  ample  supply.  I  therefore  re- 
ceived orders  to  provide  plans  and  specifications  for  a  driven- 
well  system. 

After  the  preparation  of  plans  and  specifications  for  wells, 
pumps,  and  tanks,  a  contract  was  let  to  the  Smith  &  Thayer  Co., 
of  Boston,  Mass.,  on  December  19,  1901,  for  a  water-supply  plant 
comprising  a  battery  of  twelve  5-inch  driven  wells  (this  was  after- 
wards increased  to  seventeen) ;  three  large  w^ooden  storage  tanks 
of  a  combined  capacity  of  150  000  gallons;  a  pumping  station 
with  one  house  and  one  fire  pump,  the  former  of  350,  the  latter 
of  830,  gallons  per  minute  capacity,  both  of  them  operated  elec- 
trically and  both  made  by  the  Knowles  Steam  Pump  Works; 
also  for  pipe  lines,  gate  valves,  and  hydrants  between  the  tanks 
and  the  pumping  station,  and  between  the  latter  and  the  hotel. 

Subsequently,  all  objections  to  a  gravity  Hne  having  been  re- 
moved, I  was  directed  to  make  plans  and  specifications  for  a 
gravit}^  line,  and  a  second  contract  was  let,  also  to  the  Smith  ik 
Thayer  Co.,  on  March  3,  1902,  for  a  gravity  supply  line  from 
Clinton  Brook." 

The  two  hotels  were  thus  supplied  by  a  double  system  of  water 
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supply,  SO  that  in  case  of  a  break  in  the  gravity  line  or  a  failure  in 
the  supply  from  the  brook,  the  hotels  could  be  supplied  from  the 
wells  and  the  pumping  station.  Ordinarily,  however,  the  gravity 
supply  was  intended  to,  and  did,  fulfil  all  requirements.  As  sub- 
sequent facts  proved,  it  was  lucky  for  the  company  that  both  sup- 
plies were  provided,  for  about  four  weeks  ago,  during  the  unusual 
dnnight,  and  while  forest  fires  were  raging,  the  Clinton  Brook 
supply  became  entirely  exhausted  for  the  first  time  in  many  years, 
and  recourse  had  to  be  taken  to  the  pumps.  So  nuich  as  to  the 
history  of  this  water-supply  plant. 

Mr.  Taylor  states,  on  page  135*  of  the  Journal,  that  he  had 
a  contract  to  procure  a  gravity  system  for  the  hotel  by  going  up 
Mt.  "Washington.  If  so,  it  was  as  a  sub-contractor  for  pipe  laying: 
for,  as  stated  above,  the  plans  for  this  system  were  prepared  in 
my  oflTice  and  the  contract  was  let  to  the  Smith  &  Thayer  Co.; 
Mr.  Taylor  was  one  of  the  bidders  for  the  work,  but  failed  to 
secure  it.  He  subsequently  appeared  on  the  ground  and  had 
charge,  for  the  Smith  &  Thayer  Co.,  of  the  pipe-laying,  but  of 
the  pipe-laying  only.  The  pipes,  specials,  valves,  etc.,  for  the 
gravity  line  were  bought  and  furnished  by  the  Smith  &  Thayer 
Co.,  and  not  by  Mr.  Taylor. f 

With  regard  to  Mr.  Taylor's  statement,  referring  to  the  wells,  that 
"they  have  continued  to  experiment  with  them  until  they  got  dis- 
gusted, having  spent  in  the  neighborhood  of  S40  000,  and  were 
still  pumping  nothing  but  air,"  the  truth  of  the  matter  is  as  follows : 
The  seventeen  wells  were  driven  by  experienced  w^ell  drivers  by 
means  of  8-inch  casings,  and  Avhen  the  proper  depth  of  from  30  to 
40  feet  was  reached  (a  few  wells  are  27  feet  deejD),  the  5-inch  well 
pipe  proper  was  inserted  and  the  8-inch  casing  withdrawn.  The 
5-inch  wells  were  all  connected  to  a  suction  line  of  galvanized  iron, 
with  very  heavy  special  galvanized  iron  flanged  fittings,  put  to- 
gether with  gaskets  and  bolts  in  the  very  best  manner.  The  suc- 
tion pipe  was  5,  6,  8,  and  10  inches  in  diameter  and  was  tested 
and  shown  to  be  tight  before  the  same  was  covered  up.  The 
aggregate  yield  of  the  wells  was  1  050  gallons  per  minute.  This 
part  of  the  work  was  completed  in  the  early  part  of  the  summer  of 
1902,  and  the  two  pumps  referred  to  were  also  set,  but  it  was  not 

*  Vol.  17. 

t  This  was  the  information  given  me  by  Mr.  Smith,  of'the  Smith  &  Thayer  Co. 
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possible  to  get  the  electric  current  to  rim  these  pumps  before  the 
fall  of  the  year.  ]\Ieanwhile,  the  gravity  supply  line  furnished 
an  abundance  of  water,  and  other  pressing  work  prevented  the 
early  completion  of  the  electric  conduits  for  the  power  to  run  the 
pumps.  It  was  some  time  in  September  when  the  current  was 
first  turned  on,  and  the  pumps  pumped  water  fairly  well,  —  so 
much  so  that  the  contractors  expressed  themselves  as  satisfied 
with  the  pumps.  The  writer  happened  not  to  be  present  when 
these  pumps  were  first  started,  and  naturally  he  insisted  upon 
a  proper  test  of  the  pumps  before  acceptance  of  the  same.  When 
this  test  was  made,  late  in  September,  a  representative  from 
the  contractors,  and  also  Mr.  DeLaval,  the  Superintendent  of  the 
Knowles  Steam  Pump  Works,  were  present,  and  at  that  time  the 
pumps  gave  some  trouble,  caused  by  air  getting  into  the  suction 
line  and  into  the  pumps.  Unfortunately,  the  season  in  the 
White  Mountains  closes  early,  and  in  the  first  week  of  October 
it  was  necessary  to  shut  down  the  pumps  and  drain  them  on 
account  of  freezing  weather,  and  not  until  the  spring  of  1903  were 
the  pumps  started  again.  It  is  not  true  that  the  company  spent 
$40  000  on  the  wells  and  piunps,  for  the  cost  of  the  seventeen 
wells  was  about  $8  560,  and  the  cost  of  the  two  pumps  about 
S8  600 ;  therefore  the  entire  expenditure  for  the  pump  and  well 
plant  was  about  $17  150. 

The  statement  that  the  engineer  in  charge  of  the  work  was  at 
a  loss  to  know  what  to  do  about  it  is  also  incorrect.  At  the  time 
when  the  pumps  were  shut  down,  he  was  not  quite  sure  whether 
there  was  any  possible  leak  in  the  wells  or  in  the  suction  line. 
,The  two  pumps  operated  satisfactorily  from  a  mechanical  point 
of  view,  and  were  accepted  last  year.  In  fact,  the  entire  contract 
of  the  Smith  &  Tha3'er  Co.  was  accepted  and  settled  except  a  few 
extra  items  of  no  interest  to  this  discussion. 

As  to  the  use  of  a  vacuum  pump,  this  was  suggested  by  Mr. 
DeLaval,  of  the  Knowles  Steam  Pump  Works.  The  writer  re- 
quested him  to  give  an  estimate  of  cost,  but  this  came  up  to  al- 
most $2  000  and  was  hold  in  abeyance  as  probably  unnecessary. 

Early  in  thQ  spring  of  1903  the  writer  went  to  Mt.  Pleasant, 
after  all  preparations  had  been  made  to  start  the  pumps  by  pack- 
ing the  cjame  and  turning  on  the  electric  dynamos.     Nothing  had 
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been  done  since  the  previous  fall  to  either  the  pumps  or  the  ivells. 
When  the  current  was  first  turned  on  and  the  pumps  set  in  motion, 
to  the  great  satisfaction  of  all  present  the  pumps  discharged  their 
full  (capacity  of  water  from  the  series  of  driven  wells.  During 
this  test  of  the  pumps  two  or  three  bad  leaks  were  found  at  the 
well  caps  of  the  wells,  but  these  were  promptly  tightened  u]),  and 
no  further  leaks  have  been  discovered  since. 

I  cpiote  from  a  report  received  on  June  19,  1903,  about  the 
operation  of  the  larger  or  fire  pump,  which  report  was  written 
by  JMr.  Anson  S.  Rice,  the  resident  engineer  in  charge  of  the  power 
plant  and  of  these  pumps,  as  follows: 

"  I  gave  the  wells  a  very  good  test.  I  ran  the  big  fire  pump 
on  them  for  one  and  one-half  hours  and  the  discharge  did  not 
seem  to  vary  any  with  15  inches  vacuum  on  the  gage.  After 
pumping  I  measured  the  water  in  the  wells,  and  in  Wells  No.  1 
and  13  the  water  was  1  foot  lower  than  it  had  stood  at  a  former 
measuren-.ent  taken  two  weeks  before;  in  the  rest  of  the  wells 
the  water  was  6  inches  lower,  with  the  exception  of  Wells  No. 
15,  16,  and  18,  in  which  the  water  level  was  only  lowered  2 
inches." 

Certain!}'  this  is  a  most  satisfactory  sho^^■ing. 

So  far,  my  only  explanation  of  the  failure  of  the  pumps  and 
wells  to  perform  the  duty  at  the  one  trial  made  on  a  certain  day 
in  the  fall  of  1902  is  that  the  water  level  in  the  underground  basin 
in  which  the  wells  are  driven  may  have  been  vmusually  low  at 
that  season  of  the  year,  while  in  the  spring  of  this  year  there  seems 
to  have  been  an  abundance  of  underground  water,  which  is  fed 
from  the  snow  and  ice  on  the  peaks  and  in  the  ravines  of  s'ome 
of  the  mountains  belonging  to  the  Presidential  Range.  There 
may  also  have  been  some  air  leaks  in  the  suction  line  which  have 
since  rusted  up,  and  a  few  air  leaks  in  the  well  caps  which,  as 
stated  above,  we  did  find  and  tightened. 

I  wish  to  sa}^  that  I  have  no  doubt  that  even  now  there  is  some 
air  delivered  with  the  water  by  the  pumps  from  the  wells,  for,  as 
Mr.  Bowers  has  well  described  it,  there  is  always  more  or  less  of 
this  difficulty  with  any  driven-well  system,  but  inasmuch  as  the 
pumps  discharged  at  the  rated  capacity  it  has  not  been  found 
necessary  at  this  writing  to  put  in  the  rather  expensive  and  some- 


252  DRIVEN    WELLS    AT    THE    MT.    WASHINGTON. 

what  complicated  automatic  vacuum  pump  which  was  suggested 
to  relieve  the  trouble. 

DISCUSSION. 

Mr.  Charles  N.  Taylor  (by  letter,  July  25, 1904).  Referring 
to  the  article  written  by  Mr.  William  Paul  Gerhard,  entitled  "  A 
Correction,"  I  find  that  in  order  to  defend  myself  I  must  ques- 
tion some  of  the  statements  wdiich  he  has  made.  I  stated  in  the 
discussion  referred  to  by  Mr.  Gerhard  that  I  had  the  contract 
for  laying  the  pipes,  setting  the  hj'-drants,  etc.,  for  supplying 
water  to  the  new  Mt.  Washington  Hotel,  and  I  would  refer  any 
one  questioning  this  to  the  Donaldson  Iron  Company,  from  whom 
I  bought  the  pipe;  the  Norwood  Engineering  Company,  who  fur- 
nished me  with  the  hydrants;  and  the  Ludlow  Valve  Company, 
who  furnished  me  with  the  valves.  My  contract  was  with  the 
Smith  &  Thayer  Company,  who  had  the  contract  for  the  entire 
work  and  sub-let  to  me  the  pipe  work. 

Mr.  Gerhard  questions  my  statement  in  regard  to  the  experi- 
ments with  the  wells  and  the  cost  of  the  plant,  but  he  admits  that 
the  "  pumps  gave  some  trouble,  caused  by  air  getting  into  the 
suction  line  and  into  the  pumps."  He  also  admits  that  they  did 
not  succeed  in  pumping  any  water  from  the  driven  wells  until  the 
next  spring.  I  might  add  right  here,  one  reason  why  they  could 
not  pump  water,  in  my  opinion,  was  that  the  wells  were  of  different 
depths,  and  that  to  my  knowledge  one  dry  well  was  connected 
to  the  system,  and  other  wells  were  connected  which  would  yield 
only  a  very  few  gallons  of  water.  This  would  account  for  the 
test  being  satisfactory  in  the  spring  wdien  the  ground  water  was 
up  to  nearly  the  surface  of  the  ground. 

In  the  discussion  referred  to  by  Mr.  Gerhard,  I  was  seeking 
information  as  to  the  advisability  of  connecting  wells  which 
yielded  a  small  amount  of  water  with  better  wells,  and  it  was 
far  from  my  intention  to  question  Mr.  Gerhard's  work,  and  that 
is  the  reason  I  did  not  mention  his  name.  In  regard  to  the  mis- 
statement which  Mr.  Gerhard  claims  I  made  as  to  the  cost  of  the 
pumping  plant,  I  will  say  that  he  has  omitted  in  his  estimate  the 
cost  of  the  pipe' mains,  for  which  Smith  &  Thayer  paid  me  nearly 
$20  000;    he   ha^   also    omitted  the  cost  of  the  three   wooden 
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tanks,  which  I  should  judge  C03t  between  $3  000  and  $4000. 
The  above  items  added  to  the  cost  of  the  wells  and  the 
pumps,  as  given  by  Mr.  Gerhard,  makes  a  total  of  practically 
$40  000,  as  stated  by  me  in  the  above-mentioned  discussion.  The 
cost  of  the  gravity  pipe  line  was  over  $20  000,  and  is  not  included 
in  the  above. 
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EXTRACTS  FROM  A  ''REPORT  RELATIVE  TO  SUP- 
PLYING THE  CITY  OF  NEW  YORK  WITH  PURE 
AND  WHOLESOME   WATER.   NOVEMBER,   1833." 

COMPILED    BY    JAMES    M.    BETTON. 
[Read  February  10,  1904-] 

The  following  extracts  are  taken  rom  a  "  Report  of  the  Com- 
missioners under  an  act  of  the  Legislature  of  this  State,  passed 
February  26th,  1833,  relative  to  supplying  the  City  of  New  York 
with  Pure  and  Wholesome  Water,"  — the  report  being  printed 
by  Peter  Van  Pelt,  Frankfort  Street,  1833,  and  dated  November, 
1833. 

The  report  was  referred  to  the  Committee  on  Fire  and  Water, 
with  directions  to  have  five  hundred  copies  printed,  including 
sundry  maps  and  profiles. 

Canvas  White  and  David  B.  Douglass,  Esciuires,  civil  engineers, 
we"e  engaged  to  make  separate  and  distinct  examinations  of  the 
Croton,  Sawmill,  and  Bronx  rivers  in  the  counties  of  Westchester 
and  Putnam,  together  with  their  several  tributaries,  and  to  furnish 
the-  commissioners  with  a  map  and  profile  of  the  country,  and 
their  opinion  of  the  quality  of  the  water,  the  supply  that  might 
be  depended  on  in  all  seasons,  and  the  practicability  of  convey- 
ing it  to  the  city  at  an  elevation  of  sufficient  height  that  would 
preclude  the  use  of  machinery,  and  answer  all  the  purposes 
contemplated. 

The  engineers  were  also  instructed  to  designate  the  best  and 
most  feasible  route  for  conducting  the  water,  the  most  fit  and 
proper  manner  for  constructing  the  conduits  and  reservoirs,  the 
probable  amount  of  damage  that  might  be  sustained  by  the 
proprietors  of  the  water  to  be  taken,  and  of  the  land  it  might  be 
necessary  to  occupy  in  constructing  the  required  conduits  and 
reservoirs,  together  with  the  total  amount  of  the  cost  to  the  city 
for  completing  and  putting  into  operation  the  whole  project. 
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Canvas  White  was  prevented  from  reporting  because  of  previous 
engagements  on  the  Raritan  and  Delaware  Canal,  and  on  account 
of  frequent  and  heavy  rains  during  the  summer,  flooding  the 
works,  but  Mr.  Douglass  submitted  a  full  and  ample  report,  which 
is  given  in  detail  with  numerous  profiles  and  sections. 

Two  routes  were  proposed  for  bringing  the  waters  of  the  Croton 
and  its  tributaries:  The  Inland  or  Sawmill  River'  Route  and 
the  Hudson  River  Route,  the -former  at  an  estimated  expense  of 
$5  827  237  and  the  latter  at  $4  718  197,  each  terminating  in 
a  reservoir  at  Thirty-eighth  Street  and  Fifth  Avenue,  to  con- 
tain between  fifty  and  sixty  millions  of  gallons,  the  water  level 
being  117  feet  above  the  tide. 

It  was  estimated  that  the  population  when  the  work  would  be 
completed  would  not  be  less  than  300  000,  and  the  supply  per 
capita  was  based  upon  various  investigations  made  by  the  com- 
missioners, who  learned  that  the  London  water  companies 
furnished  162  gallons  for  each  house  per  diem,  or  27  gallons  to 
each  inhabitant,  counting  six  persons  to  each  house.  The  city 
of  Philadelphia,  in  1832,  suppUed  13  806  houses,  factories,  etc., 
with  2  000  000  gallons  per  day,  equal  to  146  gallons  to  each 
establishment,  or  about  24  gallons  to  each  inhabitant,  allowing 
six  persons  to  a  house;  Edinburgh  and  Leith  distributed  about 
15  gallons  to  each  inhabitant,  130  000  persons  requiring  1  950  000 
gallons  every  24  hours,  but  could  increase  their  supply  to  2  661  120 
gallons  per  day,  or  20^  gallons  per  capita. 

From  these  observations  the  commissioners  adopted  22  gallons 
per  diem  for  each  inhabitant  of  the  city  of  New  York,  making  it 
necessary  to  supply  6  600  000  gallons  per  day.  It  appears,  that 
the  Manhattan  Company  had  at  that  time  twenty-five  miles  of 
pipes  laid  in  the  city,  obtaining  their  supply  from  a  well  on  Reed 
Street,  the  water  from  which  is  described  as  "disagreeable  and 
unwholesome,"  and  had  offered  to  dispose  of  their  works  to  the 
corporation,  which  had  also  about  ten  and  a  half  miles  of  pipes, 
extending  from  their  reservoir  in  Thirteenth  Street. 

The  Manhattan  Company  was  organized  with  a  charter  drafted 
by  Aaron  Burr,  allowing  them  banking  privileges,  of  which  they 
have  fully  availed  themselves,  existing  to-day  as  the  second  oldest 
bank   in  New  York,  and  preserving  on  their  premises  a  tank  of 
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considerable  size,  constantly  filled  with  water,  as  a  connection 
with  their  original  charter. 

Water  obtained  from  wells  was  not  good  in  the  thickly  settled 
parts  of  the  city,  and  had  changed  within  the  recollection  of  hun- 
dreds, and  the  commissioners  concluded  that  a  similar  change 
might  be  expected  in  the  northern  portion  of  the  city  when  that 
became  built  up  also. 

Attempts  had  been  made  to  obtain  water  by  boring,  and  a 
certain  Mr.  Levi  Disbrow,  who  held  a  patent  on  improved  instru- 
ments for  penetrating  or  boring  rock,  had  operated  in  twenty- 
three  different  sections  of  the  city,  and  in  but  few  instances  had 
succeeded  in  producing  good  water.  In  seventeen  cases  he 
stopped  at  or  before  reaching  rock,  and  penetrated  the  earth  from 
60  to  130  feet,  and  in  six  cases  he  penetrated  the  rock  from  120 
to  500  feet,  his  most  successful  operation  being  a  deep  boring 
for  the  Manhattan  Company,  corner  of  Broadway  and  Bleecker 
Street,  7  inches  in  diameter,  442  feet  in  depth,  meeting  rock 
at  42  feet,  the  water  proving  soft  and  wholesome,  capacity 
126  000  gallons  in  twenty-four  hours. 

Mr.  Disbrow  also  sunk  a  well  for  the  corporation  at  Thirteenth 
Street.  This  was  17  feet  in  diameter  and  113  feet  in  depth,  with 
three  horizontal  excavations  of  4  feet  in  width  and  6  feet*  in 
height,  extending  from  the  bottom  of  the  well  in  the  rock,  tw^o 
of  them  75  feet  and  one  110  feet  in  length.  This  well  produced 
21  000  gallons  in  twenty-four  hours,  but  the  water  was  hard, 
strongly  impregnated  with  some  mineral  substance,  and  unfit  for 
drink  or  cooking,  but  before  the  horizontal  openings  were  made 
the  commissioners  were  assured  the  water  was  as  pure  and  soft  as 
that  which  descends  from  the  clouds.  This  well,  although  very 
useful,  was  very  expensive,  costing,  including  the  land,  $57  972.38. 

The  commissioners  estimate  the  present  population  at  about 
250  000,  and  as  a  large  portion  of  the  Twelfth  Ward  is  under 
cultivation  and  will  not  require  an  immediate  supply,  deduct 
12  000  as  the  probable  population,  leaving  the  population  of  the 
14  lower  wards  at  238  000,  or  about  17  000  in  each  ward,  and, 
allowing  22  gallons  for  each  person,  estimate  the  daily  consump- 
tion of  each  ward  as  374  000  gallons,  and  that  3  wells,  similar 
to  that  of  the  Manhattan  Company  on  Bleecker  Street,  in  each 
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ward,  or  42  in  all,  with  their  steam  engines  in  constant  operation 
will  be  required  to  supply  the  city. 

They  estimate  that  these  42  wells,  including  the  land,  engine, 
reservoir,  etc.,  will  amount  to  $2  518  825,  and  submit  the 
following  estimate  of  the  annual  expense  of  working  an  engine  of 
12  horse-power,  night  and  day: 

42  bushels  of  coal  per  day,  at  21  cents,  for  365  days  .  .$3  219.30 

2  engineers  and  2  assistants,  at  $6.00  per  day     ...  2  190.00 

Oil,  tallow,  etc.,  at  14  cents  per  day 51.10 

Wear  and  tear  of  machinery,  at  30  cents  per  day  .    .  109.50 

Annual  expense  per  engine So  569.90 

The  annual  expense  of  42  engines  would  be     ....  $233  935.00 

Add  the  interest  on  the  capital  at  5  per  cent 125  941.00 

Total  annual  expense  for  raising  water  from  ■ 

wells $359  876.00 

The  commissioners  wisely  doubt  whether  a  sufficient  and  whole- 
some supply  could  be  obtained  by  boring,  and  note  that  a  strong 
objection  will  arise  from  placing  42  steam  engines  in  the  densely 
settled  parts  of  the  city,  to  annoy  and  disturb  a  neighborhood 
with  the  unceasing  noise  and  clatter  of  the  machinery,  the  constant 
smoke  of  the  furnaces,  and  the  incessant  discharge  of  steam,  thus 
depreciating  the  value  of  property  and  driving  from  their  vicinity 
every  citizen  whose  means  would  permit  him  to  seek  for  more 
peaceful  and  comfortable  quarters,  and  taking  also  into  considera- 
tion that  the  cost  of  bringing  in  the  Croton  water  being  assumed 
at  $5  000  000,  the  interest  on  which  is  $250  000  or  $109  876  less 
than  it  would  cost  to  raise  the  water  by  machinery,  conclude  that 
the  corporation  must  look  outside  of  its  own  limits  for  an  adequate 
water  supply. 

The  commissioners  note  that  the  subject  of  supplying  the  city 
of  New  York  with  water  is  by  no  means  a  new  project  or  of  recent 
date,  for  as  early  as  1774,  with  a  population  not  exceeding  22  000, 
works  were  commenced  on  the  high  ground  to  the  northwest  of 
the  Collect  Pond  (which  at  the  time  of  their  report,  in  1833,  had 
been  filled  up  and  converted  into  building  lots  ),  under  the 
directions  of  Christopher  Collis,  engineer,  who  constructed  a 
spacious  reservoir  on  the  east  line  of  Broadway,  between  Pearl 
and  White  streets,  and  sunk  a  well  of  large  dimensions  in  the 
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vicinity  of  the  Collect,  a  paper  money  amounting  to  £2  500, 
denominated  water-works  money,  and  bonds  to  the  amount  of 
£8  850  more,  defraying  the  expenses  thereof.  This  work  was 
abandoned  in  an  unfinished  state  in  1775,  upon  the  occupation  of 
the  city  by  the  British  troops  incidental  to  the  Revolution. 

In  1798  a  committee  of  the  council  reported  that  a  supply 
might  be  obtained  from  the  River  Bronx. 

In  1799  the  Common  Council  employed  William  Weston,  civil 
engineer,  to  examine  the  River  Bronx  and  report  with  plans  and 
estimates,  and  in  March  of  that  year  Mr.  Weston  made  his  report 
and  seem^  to  have  held  the  opinion  that  the  Bronx  would  give  a 
supply  but  did  not  gage  the  river,  further  than  to  calculate  the 
quantity  contained  in  the  Rye  Ponds,  its  principal  source;  and 
no  estimate  of  expense  was  furnished. 

Nothing  further  was  apparently  done  until  1822,  owing  prob- 
ably to  the  incorporation  of  the  Manhattan  Company,  April  2, 
1799,  who  contented  themselves  by  erecting  works  at  Chambers 
and  Reed  streets  and  did  not  look  for  a  foreign  sup  ply,  the  water 
they  furnished  being  stated  to  contain  by  analysis  125  grains  of 
foreign  matter  in  the  gallon. 

In  this  year,  1822,  a  committee  appointed  by  the  mayor 
reported  an  examination  of  the  Bronx  and  its  lakes,  and  appointed 
Canvas  White,  Esquire,  civil  engineer,  who  did  not  report  until 
1824. 

Mr.  White  proposed,  by  raising  a  dam  of  six  feet  at  the  upper 
Rye  Pond  and  lowering  the  outlet,  to  obtain  6  600  000  gallons 
per  day,  or  3  600  000  more  than  the  natural  flow  of  the  river  in 
the  dryest  season,  estimating  the  cost  of  bringing  the  water  to  a 
reservoir  near  the  park  as  $1  949  542. 

Nothing  came  of  this,  and,  in  1825,  the  New  York  Water  Works 
Company  was  incorporated.  Canvas  White,  Esquire,  being  the 
engineer,  and  it  was  proposed  to  take  its  supply  from  the  Bronx, 
it  being  estimated  that  9  100  000  gallons  could  be  delivered  daily 
at  a  total  expense  of  $1  450  000.  The  charter  of  this  company 
proved  defective,  and,  after  legal  complications  incidental  to  an 
amendment  thereof,  the  company  was  dissolved  in  1827. 

In  1831  the  Board  of  Aldermen  reported  in  favor  of  applying 
to  the  legislature  for  an  act  allowing  the  raising  of  money  by  loan 
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for  the  purpose  of  introducing  a  supply  of  pure  water  to  the  city, 
but  this  did  not  pass  into  a  law. 

In  1832  DeWitt  Clinton,  Esquire,  civil  engineer,  was  employed 
by  the  Common  Council  to  examine  the  Croton  River  and  report  the 
best  plan  of  crossing  the  Harlem  River;  he  reported,  in  December 
of  that  year,  in  favor  of  an  open  aqueduct  following  the  line  of  the 
Croton  and  Hudson  rivers  and  crossing  the  Harlem  River 
on  an  arch  138  feet  high  and  1  000  feet  ia  length,  estimating  the 
total  cost  at  S2  500  000. 

In  1833  the  Common  Council  petitioned  for  an  act.  under  the 
authority  of  which  this  report  was  made,  this  becoming  a  law  of 
the  state  of  New  York,  February  26,  1833. 

This  report  is  fully  illustrated  by  maps  and  profiles,  and  is 
signed  by  Stephen  Allen,  Saul  Alley,  William  W.  Fox,  Chas. 
Dusenberry,  and  Benjamin  M.  Brown,  commissioners. 

Supplementary  to  this  report  follows  an  address  of  John  L. 
Sullivan,  civil  engineer,  a  co-patentee  with  Levi  Disbrow  in  1833, 
demonstrating  the  advantages  of  a  rock  water  company  with 
banking  privileges,  and  also  a  proposition  to  the  Manhattan  Com- 
pany to  fill  their  aqueduct  with  rock  water,  an  opportunity  being 
afforded  to  such  as  were  disposed  to  subscribe  to  the  stock  thereof, 
a  capital  of  S2  000  000  being  named,  one  half  of  which  was  to  be 
appropriated  to  the  water  works  and  the  other  million  to  a  bank- 
ing capital. 

The  petitioners  begin  their  address  by  respectfully  representing 
"  that  being  patentees  and  proprietors  of  those  instruments  by 
which  the  discovery  of  the  deep  seated  jjure  water  beneath  this 
city  was  made,  and  by  which  alone  it  is  accessible" — evidently 
having  a  stronger  and  firmer  belief  in  the  validity  of  the  current 
Letters  Patent  than  has  been  experienced  and  demonstrated  by 
later  generations.  They  desired  to  lay  down  pipes  in  any  usual 
manner  through  the  streets,  to  deliver  water  into  the  houses  of 
those  disposed  to  take  it,  on  terms  that  should  not  exceed  the 
average  of  the  water  rates  at  Boston  and  Philadelphia. 

It  was  not  proposed  to  make  costly  wells  in  the  deep  sands  of  the 
city,  but  rather  to  avoid  such,  utilizing  the  iron  tube  with  a  flat 
socket  joint  devised  for  this  work,  the  estimate  for  each  boring 
being,— 
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•    Lot $2  000.00 

Boring,  pump,  and  engine 5  000.00 

Buildings  and  cistern 3  000.00 

Total $10  000.00 

sufficient  to,  probably,  raise  130  000  gallons  in  twenty-four  hours, 
if  constantly  in  operation,  which,  at  40  gallons  each,  wao  considered 
sufficient  for  3  000  families.  The  utmost  annual  expense  was 
estimated  as: 

Two  men $730.00 

Fuel,  1S7  tons  anthracite,  at  $8.00 1496.00 

Oil  and  repairs,  10  per  cent 222.00 

Deterioration  of  machinery,  10  per  cent.     .    .    .  222.00 

or $2  670.00  each  well. 

Thirty-one  of  these  stations  were  proposed,  and,  as  an  instance 
of  the  economy,  the  expense  of  one  horse-power  is  stated  as  ten 
pounds  of  coal  per  hour,  or  sixteen  tons  per  year,  costing  at  $6.00 
per  ton,  $96.00;  and  it  was  further  suggested  that  the  surplus 
power  from  each  engine  could  be  devoted  to  some  mechanical 
work  in  exchange  for  the  necessary  attention,  thus  saving  the  item 
of  attendance  and  perhaps  some  part  of  the  fuel. 

Incidentally,  it  is  mentioned  that  some  of  the  most  frequented 
hotels  in  New  York  pay  (it  is  stated)  for  rock  water  brought  in 
casks  about  $400  a  year,  and  that  one  boring  near  the  park  might 
supply  all  the  principal  hotels  and  all  have  pure  baths. 

The  probability  of  conflicting  with  the  existing  Manhattan 
Company  is  discussed  and  the  point  advanced  that  there  is  room 
and  occasion  for  two  companies,  and  the  danger  of  trusting  to  a 
natural  water  supply,  owing  to  the  extraordinary  evaporation  in 
thiSi  the  dryest  climate  known,  is  advanced,  and  the  practical  John 
L.  Sullivan  supplements  his  paper  with  a  "Notice  of  an  invention 
called  a  Steam  Camel  for  lifting  a  vessel  over  a  shoal." 

In  a  further  report,  February  16,  1835,  the  water  commissioners 
mention  having  recommended,  November  12,  1833,  the  Croton 
River  as  the  only  pure  source  of  supply,  and  pass  to  a  consideration 
of  all  matters  relative  to  supplying  the  city  with  pure  and  whole- 
some water,  among  them  being  a  plan  to  convey  either  six  or 
sixteen  million  gallons  from  the  mouth  of  the  Croton  and  at  an 
elevation  of  one  hundred  and  twenty-five  feet  above  low  water 
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at  New  York  and  deliver  same  to  the  same  height  by  means  of  iron 
pipes,  which  plan  was  shelved  on  account'  of  engineering  dis- 
crei)ancies. 

They  refer  to  Loammi  Baldwin's  report  on  the  subject  of  in- 
troducing pure  and  wholesome  water  into  the  city  of  Boston,  the 
number  of  wells  in  that  city  being  2  767,  of  which  682  were  unfit 
for  use,  7  city  wells  onlj'  yielded  soft  water  and  33  were  deep 
borings,  only  2  of  which  furnished  soft  water. 

A  discussion  follows  of  the  plan  of  Bradford  Seymour,  of  Utica, 
dated  November  21,  1834,  involving  the  erection  of  a  permanent 
dam  across  the  Hudson  River  at  or  near  the  site  of  the  old  State 
Prison,  at  the  foot  of  Amos  Street,  to  raise  the  surface  of  the 
water  from  18  to  24  inches  above  high  tide,  the  expense  being 
estimated  by  Mr.  Seymour  at  $1  250  000,  and  for  the  construction 
of  as  many  ship  locks  as  may  be  proper,  $140  000  each,  $100  000 
to  $200  000  more  being  considered  as  necessary  if  a  lock  in  the 
center  of  channel  is  provided. 

The  advantages,  briefly  stated,  are  the  purit}-  of  the  waters; 
the  formation  of  a  hydraulic  power  of  30  000  horses,  27  000  of 
which  may  be  employed  for  manufacturing  and  3  000  for  elevating 
the  water  to  reservoir;  all  bars  or"  overslaughs"  above  the  dam 
will  be  removed  by  the  down  current;  a  safe  connection  from  the 
city  to  Albany  on  the  ice  for  three  months  in  the  year  furnished; 
the  danger  from  freshets  overcome;  and  the  advantage  of  solid 
and  pure  ice  at  small  expense  gained. 

The  commissioners  did  not  deem  it- their  duty  to  incur  any 
engineering  expense  in  the  examination  of  this,  scheme,  stating 
they  considered  that  in  locking  vessels  through  the  dam  large 
quantities  of  salt  water  would  be  admitted,  unfitting  the  supply 
for  domestic  use  at  least;  that  the  consent  of  the  state  of  New 
Jersey  would  have  to  be  obtained,  as  well  as  that  of  the  United 
States;  that  the  number  of  vessels  passing  would  cause  the  dam 
to  be  considered  a  hindrance  to  navigation;  that  they  could  find 
no  data  in  the  office  of  the  street  commissioners  from  which  to 
estimate  the  difficulties  to  be  encountered  in  building  the  dam; 
that  the  raising  of  the  water  would  cause  damage  to  low-lying 
lands ;  that  the  closing  of  the  river  by  ice  for  three  months  in  the 
year  would  cause  more  injury  to  navigation  than  the  privilege 
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of  proceeding  to  Albany  on  the  ice,  or  of  procuring  a  supply  of 
that  article  would  produce  benefits.  They  also  considered  the 
damage  incidental  to  the  destruction  of  the  shad  fishery,  and 
conclude,  upon  the  opinion  of  Frederick  Graff,  superintendent 
Fair  Mount  Water  Works,  that  a  head  of  twenty-four  inches  will 
not  answer  the  purpose  intended,  owing  to  the  short  space  of  time 
the  wheels  would  work,  and  to  raise  the  level  higher  would  destroy 
so  much  land  that  the  damage  claims  furnish  a  reason  for  aban- 
doning the  project,  let  alone  the  injury  to  the  navigation  of  the 
river,  besides  the  cost,  estimated  by  Mr.  Graff  at  about  four 
millions. 

Mr.  Graff,  while  thinking  that  if  a  bridge  could  be  built  across 
the  Hudson,  without  injury  to  the  trade  of  this  great  river,  a 
supply  of  water  might  be  obtained  from  the  Passaic  Falls,  con- 
cludes that  the  only  safe  resource  to  be  relied  on  is  the  Croton. 

At  that  day  the  highest  building,  that  of  the  new  university, 
was  108  feet  above  tide  water,  and  the  surface  of  the  proposed 
reservoir  was  to  be  114  to  116  feet  above  the  same  base. 

In  discussing  the  question  of  revenue  the  following  facts 
appear:  The  Manhattan  Company  apportion  their  charge  in  ac- 
cordance with  the  number  of  fireplaces  in  the  dwellings  supplied, 
small  houses  containing  from,  one  to  three  fireplaces  paying 
$5.00  per  annum,  while  houses  of  the  largest  class  pay  $15.00,  the 
average  of  the  charge  for  dwellings  being  $9.63,  if  occupied  by  one 
family,  $3.00  being  added  for  each  additional  family;  grocery 
stores  pay  $10.00  and  bake  houses  $10.00  for  each  oven,  larger 
consumers  by  agreement,  the  laying  and  repairing  of  the  lateral 
pipes  being  done  at  the  expense  of  those  receiving  the  water.  As 
a  -comparison,  in  Boston,  one  thousand  families  were  supplied 
with  water  by  the  Boston  Aqueduct  Company  at  an  annual 
charge  of  from  $10.00  to  $12.00  each  family;  in  Providence  the 
charge  was  $10.00  per  annum  for  a  family  of  six  persons,  and  in 
Alban}^  twelve  hundred  dwelling  houses  were  supplied  at  rates 
varying  from  $6.00  to  $16.00.  In  London  the  general  average 
was  about  $8.00,  21  steam  engines  of  1  340  horse-power  being 
employed  to  raise  the  water.  In  Philadelphia  a  family  of  six 
persons  paid  only- $5.00  per  annum. 

The  estimated  revenue  from  the  proposed  works  in  New  York 
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City  was  $310  516,  based  on  20  000  water  takers  at  $8.00  each. 
Among  these  20  000  houses,  2  000  baths  were  estimated.  There 
were  60  steam  engines  in  the  city  used  for  mechanical  purposes, 
which  consumed  about  45  000  gallons  per  day,  for  which  a  rate  of 
about  $35.00  was  proposed. 

Closing  the  volume  is  a  report  of  Peter  Cooper  and  other  special 
commissioners,  December  22,  1840,  regarding  the  powers  and 
duties  of  the  water  commissioners,  and  investigating  certain 
complaints  as  to  the  commissioners  having  paid  too  high  prices 
for  materials  and  labor,  from  which  it  appears  that  lead  cost  five 
cents  per  pound,  repairing  the  streets,  twenty-five  cents  per  scpiare 
yard,  labor  an  average  of  $1.08  to  $1.09  per  day,  including  fore- 
men —  $1.25  being  considered  wasteful. 

The  item  of  stopcocks  is  discusoed  at  some  length,  it  being 
show^n  that  in  one  case,  in  1835,  in  making  a  connection  at  the 
corner  of  the  Bowery  and  Grand  Street,  all  of  the  stopcocks  up  to 
the  reservoir  at  Thirteenth  Street,  the  number  not  stated,  failed 
to  shut  off  the  water,  which  had  finally  to  be  shut  off  at  the 
reservoir,  and  three  days  (one  of  them  a  Sunday!)  pumping  with  a 
fire  engine  was  required  to  free  the  trench;  and  in  1839  iwenty- 
three  stopcocks  of  the  old  kind  had  to  be  closed  to  shut  the  water 
off  at  one  point.  The  commissioners  decided  to  change  the 
pattern. 

The  comparative  merits  of  casting  iron  pipe  direct  at  the  blast 
furnace  from  the  first  melting  of  the  ore  and  from  remelted  pig 
iron  in  a  cupola  furnace  are  discussed,  and  it  is  noted  that  the 
prices  paid  for  12-inch  pipe  varied  from  $1.60  to  $1.90  per  foot, 
with  weights  running  from  580  to  760  pounds. 

A  complaint  was  made  that  12-inch  pipes  were  laid  in  certain 
streets  in  place  of  6-inch,  and  it  was  answered  that  the  department 
had  used  up  all  of  the  6-inch  pipe;  and  it  is  to  be  presumed  that 
the  pipe  foundries'  agents  were  not  as  plentiful  or  keen  as  at  the 
present  day,  or  that  shipments  were  delayed. 
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CONTRACT    AND    SPECIFICATIONS   FOR    FURNISHING 
CAST-IRON  WATER  PIPES  AND  SPECIAL  CASTINGS.* 


NEW    BEDFORD    WATER    WORKS. 

City  of  New  Bedford,  Mass. 

,19.. 

To    Iron    Founders. 

Proposals   for   Coated    Cast-iron   Water   Pipes 
and    Special   Castings. 

Information  for  Bidders. 

Sealed  bids  or  proposals  addressed  to  the  New  Bedford  Water 
Board,  and  indorsed  ''Proposals  for  Furnishing  Cast-Iron  Water 
Pipes  and  Special  Castings,"  will  be  received  at  the  office  of  the 

Board,  City  Hall,  until o'clock of 

" the day  of 19.. 

All  bids  must  be  made  upon  the  ])lank  form  of  proposal  annexed 
hereto,  and  should  give  the  price  for  each  item  of  the  work  pro- 
posed, both  in  writing  and  in  figures,  and  be  signed  by 
the  Indder,  with  his  business  address  and  place  of  residence. 

All  proposals  containing  bids  not  called  for  in  this  advertise- 
ment will  be  considered  informal. 

Each  bid  must  be  accompanied  by  a  properly  certified  check  for 

dollars 

(.«• ),  payable  to  the  City  of  New  Bedford;  said  check 

to  be  returned  to  the  bidder  unless  forfeited  under  the  condition 
herein  stipulated. 

The  amovmt  and  character  of  the  securities  for  the  fulfillment 
of  the  contract  will  be  determined  by  the  New  Bedford  Water 
Board  after  the  proposals  are  opened. 

If  a  bond  is  required  with  the  contract,  the  sureties  thereon 

*  Since  the  adoption  of  the  Standard  Specifications  for  Cast-iron  Pipes  and  Special  Cast- 
ings, there  have  been  several  inquiries  for  a  form  of  contract  for  use  with  the  standard  speci- 
fications. This  form  shows  how  the  requirement  has  been  met  by  the  New  Bedford  Water 
Works. — Editor. 
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must  be  residents  of  Massachusetts;  or  a  reliable  surety  company 
authorized  to  do  business  in  Massachusetts,  and  satisfactory  to 
the  Water  Board. 

The  party  to  whom  the  contract  is  awarded  A\i]l  be  re(]uired  to 
present  forthwith  to  the  Board  the  names  of  the  sureties  to  ])e 
offered,  and  to  execute  the  contract  and  furnish  the  bond,  dvdy 
executed,  with  satisfactory  sureties,  within  six  days  (not  includ- 
ing Sunday)  from  the  date  of  the  mailing  of  a  notice  from  the 
Board  to  the  bidder,  according  to  the  address  given  by  him,  that 
the  contract  is  ready  for  signature,  and,  in  case  of  his  failure  or 
neglect  so  to  do,  the  Board  may  at  its  option  determine  that  the 
loidder  has  abandoned  the  contract,  and  thereupon  the  proposal 
and  acceptance  shall  be  null  and  void,  and  Ihe  check  accompany- 
ing the  proposal  shall  be  forfeited  to  the  City  of  New  Bedford. 

All  bids  will  bo  compared  on  the  basis  of  the  following  estimate 
of  quantities  to  be  furnished : 

Item tons inch  pipe.  Class 

Item tons inch  pipe,  Class 

Item tons inch  pipe.  Class 

Item tons inch  pipe.  Class 

Item tons inch  pipe.  Class 

Item tons inch  pipe,  Class 

Item tons inch  pi]ie.  Class 

Item tons inch  I5ij)e,  Claso 

Item tons  of  special  castings 

These  quantities  are  considered  as  approximate,  and  the  Board, 
therefore,  expressly  reserves  the  right  of  increasing  or  diminishing 
the  same  as  in  their  opinion  maybe  necessary, not  exceeding  twenty 
per  cent,  of  the  amount  of  straight  pipes  and  special  castings. 

The  Board  also  expressly  reserves  the  right  to  reject  any  or  all 
bids,  should  they  deem  it  for  the  interests  of  the  City  of  New- 
Bedford  so  to  do. 


New   Bedford  Water  Board. 
Superintendent. 
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PROPOSAL 
FOR  FURNISHING    CAST-IRON    WATER    PIPE    AND   SPECIAL    CASTINGS. 

To  the  New  Bedford  Water  Board: 

The  undersigned,  as  bidder,  declares  that  the  only  persons  or 
parties  interested  in  this  proposal  as  principals  are  named  at  the 
close  of  this  document;  that  this  proposal  is  made  without  col- 
lusion with  any  other  person,  firm,  or  corporation;  that  he  has 
carefully  examined  the  annexed  proposed  form  of  contract;  and 
he  proposes  and  agrees,  if  this  proposal  is  accepted,  that  he  will 
contract  with  the  New  Bedford  Water  Board,  in  the  form  of  the 
copy  of  the  Contract  deposited  in  the  otlice  of  the  Superinten- 
dent, to  furnish  all  the  cast-iron  water  pipes  and  special  castings 
specified  in  the  contract,  in  the  manner  and  time  as  therein  pre- 
scribed, and  according  to  the  requirements  of  the  Superintendent 
as  therein  set  forth;  and  that  he  will  take  in  f\ill  payment  there- 
for the  following  sums,  to  wit: 
Item — For  all inch  straight  pipe,  Class 

the  sum  of 

($ )  i)er  ton  of  2  ()()()  ll)s. 

Item — For  all iiK^h  straight  pipe,  Class 

the  sum  of 

($ )  per  ton  of  2  ()()()  lbs. 

Item — For  all inch  straight  pi])e.  Class. 

■  the  sum  of 

(S )  per  ton  of  2  000  lbs. 

Item — For  all inch  straight  l>ipe.  Class 

the  sum  of 

'     (S )  per  ton  of  2  000  lbs. 

Item — For  all inch  straight  pipe.  Class 

the  sum  of 

($ )  per  ton  of  2  000  lbs. 

Item — For  all inch  straight  pipe,  Class 

the  sum  of 

($ )  per  ton  of  2  000  lbs. 

Item — For  all inch  straight  pipe.  Class 

the  sum  of .  .* 

($ )  per  ton  of  2  000  lbs. 
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Item — For  all inch  straight  pipe,  Class 

the  sum  of 

(S )  per  ton  of  2  000  lbs. 

Item — For  all  special  castings,  the  sum  of 

i$ )  per  ton  of  2  000  lbs. 

If  this  proposal  shall  be  accepted  by  the  New  Bedford  Water 
Board,  and  the  undersigned  shall  fail  to  contract  as  aforesaid, 
and,  if  required,  should  fail  to  provide  a  bond  of  such  amount  and 
character  satisfactory  to  the  Board,  within  six  days  (not  including 
Sundays)  from  the  date  of  the  mailing  of  a  notice  from  the  Board 
to  him,  according  to  the  address  herewith  given,  that  the  contract 
is  ready  for  signature,  then  the  Board  ma}^,  at  its  option,  deter- 
mine that  the  bidder  has  abandoned  the  contract,  and  thereupon 
the  proposal  and  acceptance  shall  be  null  and  void,  and  the  cer- 
tified check  for dollars 

(S )  accouipanying  this  proposal  shall  become  the 

property  of  the  City  of  New  Bedford,   otherwise,  the  accom- 
panying check  shall  be  returned  to  undersigned: 

Signature  of  Bidder,  with  Residence  and  Business  Address: 


Date, 

The  names  and  residences  of  all  persons  and  parties  interested 
in  the  foregoing  bid,  as  principals,  are  as  follows: 

Notice. —  Give  first  and  last  name  in  full,  and  in  case  of  corporations  give  name  of  Presi- 
dent, Treasurer,  and  Manager: 
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New    Bedford 

contract  and  specifications  for   furnishing   coated  cast- 
iron  water  pipes  and  special  castings. 

This  Agreement,  made    and  concluded  this 

day  of ,  in  the  year  one  thousand  nine  hundred 

and ,  between  the  City  of  New-  Bedford  by  the 

New  Bedford  Water  Board,  of  the  first  part,  and 


of 

in  the  State  of ,  part of  the 

second  part: 

A.  WITNESSETH,  That  the  said  Contractor  has  agreed,  and  by 
these  presents  doe^  agree,  with  the  said  City  for  the  considera- 
tion hereinafter  mentioned,  at  his  own  proper  cost  and  expense, 
to  do  all  the  work  and  furnish  all  the  materials  called  for  by  this 
agreement,  in  the  manner  and  under  the  conditions  hereinafter 
specified. 

B.  To  prevent  all  disputes  and.  litigation,  it  is  farther  agreed  by 
and  between  the  parties  to  this  contract,  that  the  Superintendent 
(meaning  thereby  the  individual  at  any  time  holding  the  position 
or  acting  in  the  capacity  of  Superintendent  of  the  New  Bedforrl 
Water  Board)  shall  be  referee  in  all  cases,  to  deterndne  the  amount 
or  the  ciuantity  of  the  several  kinds  of  j'ipeS"  and  special  castings 
which  is  to  be  paid  for  imder  this  contract,  and  to  decide  all 
questions  which  may  arise  relative  to  the  fulfillment  of  this  con- 
tract on  the  part  of  the  Contractor;  and  his  estimates  and  decisions 
shall  be  final  and  conclusive;  also,  that  said  Superintendent,  by 
himself,  or  by  assistants,  and  inspectors  acting  for  him,  shall 
inspect  the  materials  to  be  furnished  and  the  work  to  be  done 
under  this  agreement,  to  see  that  the  same  strictly  correspond 
with  those  stipulated  in  the  specifications  hereinafter  set  forth. 

C.  The  parties  hereto  further  agree  that  wherever  in  this  contract 
the  words  defined  below  are  used,  they  shall  be  understood  to 
have  the  meanings  herein  given : 
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The  term  "Water  Board"  shall  mean  the  NeAv  Bedford  Water 
Board,  or  any  Board  or  Conmiittee  duly  authorized  to  represent 
the  City  of  New  Bedford  in  the  execution  of  the  work  covered  by 
this  contract. 

The  words  ''Superintendent"  or  "Engineer,"  when  not  further 
qualified,  shall  mean  the  Superintendent  of  the  New  Bedford 
AVater  Board,  or  his  or  their  properly  authorized  agents,  limited 
by  the  particular  duties  intrusted  to  them. 

The  word  "Contractor"  shall  mean  the  person  or  persons,  co- 
partnership or  corporation,  who  have  entered  into  this  contract 
as  party  of  the  second  part,  or  his  or  their  legal  representatives. 

SPECIFICATIONS. 

I)  (1)  The  work  to  be  done  consists  in  furnishing,  sound  and 
complete  in  all  respects,  and  in  strict  conformity  with  all  the 
conditions  and  requirements  of  this  contract  and  these  specifica- 
tions, the  following  cast-iron  pipes  and  special  castings: 

tons  of inch  straight  pipe.  Class 

tons  of inch  straight  pipe,  Class 

tons  of inch  straight  pipe,  Class 

tons  of inch  straight  pipe,  Class 

tons  of inch  straight  pipe,  Class 

tons  of inch  straight  pipe,  Class 

tons  of inch  straight  pipe,  Class 

tons  of inch  straight  pipe,  Class 

tons  of  special  castings,  more 

or  less,  as  may  be  required  in  connection  with  the  above-described 
pipe,  consisting  of  branches,  bends,  reducers,  caps,  curved  pipe, 
sleeves,  and  all  or  any  other  special  castings  directed  b}"  the 
Superintendent  in  this  connection,  subject  to  all  the  conditions 
and  requirements  of  this  contract  and  specifications. 

The  aniounts  in  tons  of  the  various  diameters  and  classes  of 
pipes  above  called  for  are  to  be  considered  as  approximate  only. 
The  Superintendent  shall  have  the  right  of  increasing  or  dimin- 
ishing the  amounts  called  for  by  this  contract  in  any  way,  and 
for  any  reason  which  he  niay  deem  necessary,  provided  such 
increase  or  diminution  does  not  exceed  twenty  per  cent,  of  the 
total  amount  of  the  contract. 
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Where   Delivered. 
(2)  All  pipes  and  other  castings  shall  be  delivered 


(3)  x\ll  castings  are  to  be  made  in  strict  accordance  with  the 
Standaid  Specifications  for  Cast-iron  Pipe  and  Special  Castings 
adopted  by  the  New  England  Water  Works  Association,  Sep- 
tember 10, 1902.  A  copy  of  these  specifications  is  hereto  annexed, 
and  forms  a  part  of  this  contract. 

Marking. 

(4)  In  addition  to  the  provision  of  Section  6,  Standard  Speci- 
fications for  Cast-Ii-on  Pipe  and  Special  Castings  adopted  by  the 
New  England  Water  Works  Association,  September  10,  1902, 
each  pipe  and  special  casting  shall  have  cast  upon  it  the  letters 
N.  B.  W.  W. 

Hoiv  Delivered. 

(5)  The  delivery  of  all  pipe  and  special  castings  shall  be  com- 
pleted on  the day  of 


Superintendent  to  Explain  Specifications. 

(•6)  All  the  work  contemplated  and  described  in  this  contract 
and  specifications  shall  be  done  to  the  satisfaction  of  the  Superin- 
tendent, who  shall  be  sole  judge  as  to  the  fitness  of  materials,  and 
.shall  have  the  right  of  correcting  any  errors  or  omissions  in  the 
contract  and  specifications  when  such  correction  is  necessary  for 
the  proper  fulfillment  of  their  intention;  the  action  of  such  correc- 
tion to  date  from  the  time  that  the  Superintendent  gives  due 
notice  thereof  in  writing. 

E.  On  condition  of  the  true  and  faithful  performance  of  this 
agreement  and  these  specifications,  the  said  City  of  New  liedford 
agrees  to  pay  to  the  said  Contractor  at  the  rate  of 

for   all '.  .  .inch   straight    l>ipe.    Class per 

ton  of  2  ()()()  lbs., 
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for   all 

.  .inch 

straight 

pipe, 

Class 

per 

ton  of  2  000  lbs  , . 

for   all 

ton  of  2  000  lbs.,. 

.  .inch 

straight 

pipe. 

Class 

,   per 

for   all 

.  .inch 

straight 

pipe, 

Class 

per 

ton  of  '^  000  lbs 

for   all 

ton  of  2  000  lbs 

.  .inch 

straight 

pipe, 

Class 

,   per 

for   all 

ton  of  2  000  lbs.,. 

.  .inch 

straight 

pipe. 

Class 

;   per 

for   all 

inch 

straight 

pipe. 

Class 

,   per 

ton  of  2  000  lbs., 

for   all 

ton  of  2  000  lbs.,.. 

.  .inch 

straight 

pipe. 

Class  

,   per 

per  ton    of    2  000  lbs.    for    the    special    castings. 

The  prices  per  ton  above  mentioned  include  the  coating  of  pipes 
and  special  castings  in  accordance  with  the  terms  of  the  specifica- 
tions herein  named,  and  all  labor  and  expenses  attending  the 
inspection,  proving,  and  weighing  at  the  foundry  of  the  pipes  and 
special  castings,  except  the  salary  of  the  inspector.  If  the  com- 
pletion of  the  contract  is  delayed  beyond  the  specified  time,  the 
expenses  of  inspection  caused  by  such  delay  shall  be  deducted 
from  any  amount  which  may  be  due  the  Contractor,  unless  other- 
wise decided  by  the  Superintendent;  but  this  provision  shall  not 
affect  any  right  which  may  accrue  to  the  Board  by  reason  of  such 
delay. 

F.  Payments  to  be  made,  on  the  weight  of  said  castings  received 
in  proper  order  and  condition,  according  to  the  certificate  of  the 
Superintendent,  as  soon  as  may  be  con-venient  under  the  City 
system  of  monthly  audit.     Provided,  that  nothing  herein  con- 
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tained  be  construed  to  affect  the  right,  hereby  reserved,  of  the 
said  New  Bedford  Water  Board  to  reject  the  whole  or  any  portion 
of  the  aforesaid  pipes  and  special  castings,  should  the  said  certifi- 
cate be  found  or  known  to  be  inconsistent  with  the  terms  of  this 
agreement,  or  otherwise  injproperly  given. 

G.  In  order  that  the  conditions  of  this  contract,  as  regards  the 
delivery,  may  not  be  misunderstood,  it  is  hereby  agreed  that  this 
contract  may,  at  the  option  of  the  said  Water  Board,  be  declared 

and  con'iidered  forfeited   if,   upon  the da}^ 

of next  the  Contractor  shall  have  failed 

to  deliver  all  the  pipe  and  special  castings  herein  enumerated, 
the  dangers  of  the  sea  excepted.  And  it  is  mutually  agreed 
between  said  parties  that  if  said  pipe  and  castings  shall  not  be 
delivered  in  accordance  with  the  terms  and  date  herein  specified, 

the  check  for 

dollars  {$ )   hereafter 

referred  to,  deposited  Avith  said  Water  Board,  or  such  portion 
thereof  as  said  Water  Board  shall  see  fit  to  retain,  shall  ])e  forfeited 
to  said  City  of  New  Bedford;  and  it  is  further  agreed  that  the 
permitting  said  Contractor  to  go  on  and  deliver  said  pipes  and 
castings,  after  failure  to  comply  with  the  terms  of  delivery  herein 
specified,  shall  not  operate  as  a  waiver  of  the  riglits  of  said  Board 
to  retaiti  said  check,  or  any  portion  thereof. 

H.  Tt  is  further  agreed,  that  if,  under  the  process  of  inspection, 
there  shall  have  been  rejected,  under  the  conditions  of  thi.-,  con- 
tract and  specifications,  during  any  twenty  days  continuously 
of  its  limitation,  twenty-five  per  cent,  of  the  pii)es  and  special 
castings  offered  within  that  time  for  acceptance,  the  contract  may, 
at  the  option  of  the  said  Water  Board,  be  declared  forfeited,  and 
it  shall  be  forfeited  accordingly. 

I.  The  parties  hereto  further  agree  that  this  contract  shall  be  in 
writing  and  executed  in  duplicate,  one  of  which  duplicates  shall 
be  kept  by  the  said  New  Bedford  Water  Board  and  one  by  the 
Contractor,  that  this  contract  or  any  part  thereof  or  any  sum  due 
or  to  come  due  thereunder  shall  not  be  assigned  or  transferred 
without  the  written  consent  of  said  Water  Board  and  shall  at 
the  election  of  said  Water  Board  be  utterly  void  as  to  the  said 
city,  if  any  person  appointed  to  any  office  or  employed  by  virtue 
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of  any  ordinaiife  of  said   city,  or  of  any  Act  of  the  Legislature 

relating  to    the   supplying  of  water  to  said  city,  or  any  matter 

or   thing    connected    therewith,  is    either    directly    or    indirectly 

interested  therein. 

J.  The  said    Contractor   further  agrees  that,  if  required,  he  will 

execute  a  Vjond,  with  such  sureties  as  shall  be  approved  by  said 

Water  Board,  conditioned  to  well  and  truly  keep  and  perform  all 

the  terms  and  conditions  of  this  contract  on  his  part  to  be  kejit 

and  performed,  and  to  indenniify  and  save  harmless  the  said  City 

of  New  Bedford,  as  herein  stipulated. 

K.  The  said  Contractor  further  agrees  to  deposit  with  said  New 

Bedford  Water  Board  a  certified  check  in  the  amount  of 

dollars  (S ). 

If  the  said  Contractor  shall  well  and  truly  keep  and  perform  all 
the  terms  and  conditions  of  the  contract  on  his  part  to  be  kept 
and  performed,  and  shall  indemnify  and  save  harmless  the  said 
City  of  New  Bedford,  as  herein  stipulated;  then  the  above- 
mentioned  check  shall  be  returned  to  said  Contractor;  otherwise, 
said  check  shall  be  forfeited  to  the  said  City  of  New  Bedford. 
L.  The  said  Contractor  further  agi-ees  that  the  said  AVater 
Board  may,  if  it  deem  it  expedient  to  do  so,  retain  out  of  any 
amounts  due  to  the  said  Conti'actor  sums  sufficient  to  cover  any 
unpaid  claims  of  mechanics  or  laborers  for  work  or  labor  performed 
under  tins  coiitract;  provided,  that  notice,  in  wanting,  of  such 
claims,  signed  by  the  claimants,  shall  have  been  previously  filed 
in  the  office  of  the  City  Clerk. 

M.  The  said  Contractor  further  agrees  that  he  will  indemnify  and 
save  harmless  the  said  city  from  all  suits  or  actions,  of  ever}-  name 
and  descri})tion,  brought  against  the  said  city  for  or  on  account 
of  any  injuries  or  damages  received  or  sustained  by  any  person  or 
persons,  by  or  from  the  said  Contractor,  his  servants  or  agents, 
in  the  construction  of  said  work,  or  by  or  in  consequence  of  any 
negligence  in  guarding  the  same,  or  any  improper  materials  used 
in  its  construction,  or  by  or  on  account  of  any  act  or  omission  of 
the  said  Contractor  or  his  agents;  and  the  said  Contractor  further 
agrees  that  so  m.uch  of  the  money  due  to  him  under  and  by  virtue 
of  this  agreement,  as  shall  be  considered  necessary  by  the  said 
Water  Board,  may  be  retained  by  the  said  city  until  all  such  suits 
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or  claims  for  damages  as  aforesaid  shall  have  been  settled,  and 
evidence  to  that  effect  furnished  to  the  satisfaction  of  the  said 
Water  Board. 

N.  The  said  Contractor  further  agrees  that  if  the  work  to  be  done 
under  this  agreement  shall  be  abandoned,  or  if  this  contract  shall 
be  assigned  by  the  said  Contractor  otherwise  than  as  herein  speci- 
fied, or  if  the  conditions  as  to  rate  of  progress  are  not  fulfilled,  or 
if  at  any  time  the  Superintendent  shall  be  of  opinion,  and  shall 
so  certify,  in  writing,  to  the  said  Water  Board,  that  said  work,  or 
any  part  thereof,  is  unnecessarily  or  unreasonably  delayed,  or 
that  the  said  Contractor  is  wilfully  violating  any  of  the  conditions 
or  covenants  of  this  contract,  or  is  fulfilling  said  contract  in  bad 
faith,  the  said  Water  Board  shall  have  the  power  to  notify  the 
said  Contractor  to  discontinue  all  work,  or  any  part  thereof, 
under  this  contract;  and  thereupon  the  said  Contractor  shall 
cease  to  continue  said  work,  or  such  part  thereof  as  the  said  Water 
Board  may  designate,  and  the  said  Water  Board  shall  thereupon 
have  the  right  to  procure  of  other  parties  all  or  any  part  of  the 
work  left  uncompleted  by  the  said  Contractor,  and  the  said  Con- 
tractor shall  be  liable  in  any  damages  caused  the  City  of  New  Bed- 
ford by  reason  of  said  Contractor  not  completing  this  agreement. 
O.  The  said  Contractor  further  agrees  that  all  pipes  and  special 
castings,  of  whatsoever  description,  upon  which  advances  may 
have  been  made,  shall  become  thereby,  so  far  as  acceptable  in 
other  respects,  the  exclusive  jDroperty  of  the  said  city;  and  what- 
ever may  be  found,  after  delivery,  objectionable  in  castings  upon 
which  advances  may  have  been  made,  the  said  Contractor  shall 
make  good  and  replace  immediately  on  receiving  notice  thereof; 
and  if  said  defective  or  objectionable  castings  are  not  replaced 
within  thirty  days  after  the  delivery  of  said  notice  to  the  said 
Contractor  at  his  office  or  place  of  business,  the  said  New  Bedford 
Water  Board,  as  agent  of  the  party  of  the  first  part,  may  then 
obtain  from  other  parties,  at  their  discretion,  the  castings  rejected 
in  the  terms  of  this  agreement,  and  the  cost  and  expense  of  re- 
placing such  rejected  castings  by  sound  and  unobjectionable  ones 
shall  be  paid  by  the  said  Contractor  or  deducted  from  any  balance 
due  or  which  may  become  due  to  the  said  Contractor  by  the  said 
citv. 


NEW    BEDFORD    WATER    WORKS.  275 

P.  And  it  16  also  to  be  understood  and  agreed  that,  in  case  of  any 
alterations,  so  much  of  this  agreement  as  is  not  necessarily  affected 
by  such  alterations  shall  remain  in  force  upon  the  parties  hereto. 
Q.  And  it  is  further  agreed  that  no  payment  for  work  done  under 
any  alteration  of  this  contract,  as  aforesaid,  shall  be  made  until 
the  completion  of  the  whole  contract. 

R.  And  the  said  Contractor  hereby  further  agrees  that  the  pay- 
ment of  the  final  amount  due  under  this  contract,  and  the  adjust- 
ment and  payment  of  the  bill  rendered  for  work  done  in  accordance 
with  any  alterations  of  the  same,  shall  release  the  city  from  any 
and  all  claims  or  liability  on  account  of  work  performed  under 
said  contract,  or  any  alteration  thereof. 

S.   This  is  to  bind  the  representatives  of  the  parties  respectively. 
In  Witness  Whereof,   the  parties    to    these  presents   have 
hereunto  set  their  hands  the  dav  and  vear  first  above  written. 


The    City    of 
New  Bedford 

by  the 
NewBedford 
Water    Board 


President. 


Signed  in  the  presence  of 


Know  All  Men    by    These     Presents,     That    we 

,  as  principal 


as     suret  

are  held  and  firmly  bound  unto  the  City   of  New  Bedford,  in 
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the    sum    of dollars, 

lawful  money  of  the  United  States  of  America,  to  be  paid  to  the 
said  City  of  New  Bedford,  or  its  certain  Attorney,  its  suc- 
cessors and  assigns,  for  which  payment,  well  and  truly  to  be 
made,  we  bind  ourselves,  our  heirs,  executors,  and  administrators, 
jointly  and  severally,  firmly  by  these  presents. 

Sealed  with  our  seals,  dated  the 

day    of in    the    year    one 

thousand  nine  hundred  and 

Whereas,  The  said 

ha         made    a    contract    with 

the  City  of  New  Bedford,  bearing  date  the 

day  of one  thousand  nine  hundred  and 

for   furnishing   cast-iron 

water  pipes  and  special  castings. 

Now,  the  Condition  of  This  Obligation  is  Such,  That  if 
the  said 

shall  well  and  truly  keep  and  perform  all  the  agreements,  terms, 

and  conditions  of  the  said  contract  on 

part  to  be  kept  and  performed,  and  shall  indemnify  and  save 
harmless  the  said  City  of  New  Bedford  and  said  Board, 
against,  and  shall  upon  demand  pay  to  the  said  city  all  damages, 
costs,  and  expenses  caused  by  and  in  every  way  growing  out  of  the 

failure  of  said 

to  keep  and  perform  all  the  agree- 
ments, terms,  and  conditions  of  said  contract  on 

part  to  be  kept  and  performed,  then  this  obligation  shall  be  of  no 
effect;  otherwise,  it  shall  remain  in  full  force  and  virtue. 

[seal] 

.'. [seal] 

[seal] 

Signed  and  sealed  in  presence  of 
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FORM  ADOPTED  BY  THE  NEW  ENGLAND  WATER 
WORKS   ASSOCIATION. 

COMPILED  BY  CHARLES  W.  SHERMAN,  EDITOR,  JOURNAL  OF  THE  NEW 
ENGLAND    WATER    WORKS    ASSOCIATION. 

The  following  tables  contain  more  or  less  complete  statistics  for 
forty-eight  water  works,  which  have  used,  more  or  less  closely, 
the  form  adopted  by  the  Association  for  summarizing  statistics. 
Some  of  these  works  rej^ort  under  very  few  of  the  headings  of  the 
summary. 

The  Editor  has  made  no  attempt  to  compile  statistics  from 
water-works  reports  which  do  not  include  at  least  a  partial  sum- 
mary. 

The  report  of  the  Committee  on  Uniform  Statistics,  containing 
the  form  as  endorsed  for  use  in  the  1901  reports,  is  printed  on  page 
51  of  Vol.  15  of  the  Journal  (March,  1902).  The  page  for 
Financial  Statistics  was  changed  by  vote  of  the  Association  in 
September,  1902,  as  reported  in  the  December,  1902,  Journal 
(Vol.  16,  p.  263).  Blank  forms  for  use  in  preparing  summaries 
are  printed  by  the  Association,  and  will  be  furnished  on  request. 

Previous  compilations  of  statistics  may  be  found  in  the  Jour- 
nal, as  follows: 

Statistics  for  Reference  to  Journal 

1886 Vol.  I,  No.  4,  p.  29 

1887 Vol.  II,  No.  4,  p.  28 

1888  to  1892  inclusive  Vol.  VII,      p.  225 

1893 Vol.  IX,      p.  127 

1894 Vol.  X,      p.  131 

1895-96 Vol.  XII,      p.  273 

1897-99 Vol.  XV,      p.  65 

1900 Vol.  XV,      p.  367 

1901 Vol.  XVI,      p.  223 

1902 Vol.  XVII,      p.  235 
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In  the  various  tabulations,  statistics  are  given  for  the  following 
places  and  years: 

Place  Year 

1.  Albany,  N.  Y 1900 

2.  Andover,  Mass 1900 

3.  Arlington,  Mass 1900 

4.  Atlantic  City,  N.  J 1898,  1900-03 

5.  Attleboro,  Mass , 189-4-1903 

6.  Bay  City,  Mich 1886-87,  1893-96,  1900-03 

7.  Beimont,  Mass 1902-03 

8.  Beverly,  Mass 1903 

9.  Billerica,  Mass 1899-1903 

10.  Boston,  Mass 1886-94,  1897,  1900, 1903 

11.  Brockton,  Mass 1893-1903 

12.  Burlington,  Vt 1886-1903 

13.  Cambridge,  Mass 1900-03 

14.  Chelsea,  Mass 1900-03 

15.  Cleveland,  Ohio    1902-03 

16.  Concord,  N.  H 1895,  1898,  1900-03 

17.  Dover,  N.  H 1900 

18.  Erie,  Pa 1900 

19.  Essex  Junct.,  Vt 1900 

20.  Fall  River,  Mass « 1886-95,  1897-1903 

21.  Fitchburg,  Mass 1886-92,  1894-1903 

22.  Freeport,  Me , 1901 

23.  Geneva,  N.  Y 1900 

24.  Haverhill,  Mass 1900 

25.  Holyoke,  Mass 1886-92,  1897-98,  1900-03 

26.Hull,  England 1900 

27.  Ipswich,  Mass 1900 

28.  Keene,  N.  H 1899-1900,  1903 

29.  Lawrence,  Mass 1902-03 

30.  Leicester,  Mass 1900 

31.  Leominster,  Mass 1900 

32.  Lewiston,  Me 1900 

33.  Lowell,  Mass 1886,  1897-1903 

34.  Lynn,  Mass 1888-98,  1900-03 

35.  Madison,  Wis 1900,  1902-03 

36.  Manchester,  N.  H 1900 

37.  Marlborough,  Mass 1900,  1903 

38.  Maynard,  Mass 1901-03 

39.  Metropolitan  Water  Works,  Mass 1900-03 

40.  Middleboro,  Mass 1895-1903 

41.  Middletown,  Conn 1902 
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Place  Year 

42.  Minneapolis,  Minn 1900-03 

43.  Nantucket,  Mass 1900 

44.  Nashua,  N.  H 1900 

45.  New  Bedford,  Mass 1886-1903 

46.  New  London,  Conn 1886-1903 

47.  Newton,  Mass 1888-1903 

48.  Norwich,  Conn 1901 

49.  Oberlin,  Ohio    1893-1903 

50.  Plymouth,  Mass 1886-1903 

51.  Providence,  R.  1 1897-1903 

52.  Quincy,  Mass 1893,  1900-01 

53.  Reading,  Mass 1893,  1895-1903 

54.  Reading,  Pa 1901-03 

55.  Rochester,  N.  Y 1903 

56.  St.  John,  N.  B 1902-03 

57.  Salem,  Mass 1900 

58.  Sandusky,  Ohio    1886 

59.  Schenectady,  N.  Y 1886,  1900-01 

60.  Somerville,  Mass 1900-03 

61.  Springfield,  Mass 1886-1903 

62.  Taunton,  Mass 1886-1903 

63.  Toronto,  Canada    1893 

64.  Trenton,  N.J , 1886-87 

65.  Troy,  N.  Y 1886,  1888-93,  1897-99 

66.  Waitham,  Mass 1886-1903 

67.  Ware,  Mass 1886,  1888-92,  1900-03 

68.  WatertowTi,  Mass 1900 

69.  Wellesley,  Mass 1888-93,  1898-1903 

70.  Westerly,  R.I 1902-03 

71.  Whitman,  Mass 1897-1903 

72.  Wilmington,  Del 1900 

73.  Winchendon,  Mass 1900-03 

74.  Woburn,  Mass 1900-03 

75.  Woonsocket,  R.I 1886-1900,  1902-03 

76.  Worcester,  Mass 1900 

77.  Yonkers,  N.  Y 1893-96,  1900-03 
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UP  TO   1895  — SOME  REMINISCENCES. 

BY  R.  C.   P.  COGGESHALL,  SUPERINTENDENT  NEW  BEDFORD  WATER 
WORKS. 

^Read  September  14,  1904-] 

It  was  my  privilege,  two  years  since,  to  present  to  you  an  his- 
torical sketch  treating  of  the  beginning  and  early  days  of  this 
Association.*  Grouped  around  the  historical  facts  there  enumer- 
ated were  woven  a  series  of  reminiscences  with  the  idea  of  giving 
color  and  added  interest.     The  object  of  that  paper  was  threefold : 

1.  To  place  before  you  a  clear  and  authentic  statement  of  the 
conditions  under  which  the  Association  was  organized. 

2.  To  emphasize  the  credit  due  that  little  band  of  modest  but 
earnest  workers  who  so  securely  constructed  the  foundation  upon 
which  the  superstructure  of  our  societj^  now  rests,  and  made  the 
act  of  organization  on  June  21,  1882,  a  possibility. 

3.  To  place  upon  the  records  of  this  Association  all  facts  con- 
nected with  the  organization  period  in  such  a  way  as  to  completely 
disarm  future  controversy  as  to  the  acts  of  those  days. 

I  do  -not  wish  to  be  understood  as  hinting  that  there  had  ever 
been  any  important  controversy  over  these  matters,  but  twenty 
years  witness  many  changes  in  an  Association  of  this  character. 
Few  of  the  original  number  remain  in  active  touch  with  its  affairs 
at  the  end  of  such  a  space  of  time.  It,  therefore,  is  not  strange 
that  a  majority  of  the  present  membership  know  little  concern- 
ing our  early  life. 

Previous  to  presenting  my  former  paper,  there  had  been  man}^ 
misstatements  made  in  public  concerning  these  matters,  and,  I 
am  sorry  to  add,  by  those  who  ought  to  liave  known  better. 
Claims  regarding  our  origin  widely  at  variance  with  the  real  facts 
had  been  made.  Even  our  birthplace  was  claimed  by  more  than 
one  locality. 

*  Twenty  Years  After  —  A  Retrospect."  —  Journal  of  the  N.  E.  Water  Works  Associa- 
tion, DecemVjer,  1902,  Vol.  XVI,  p.  271. 
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Such  was  the  condition  when  one  day,  a  few  years  since,  the 
president  of  the  Salem  Water  Board,  in  welcoming  the  members 
of  the  Association  to  a  banquet  in  that  city,  made  the  astonishing 
statement  that  it  was  fitting  that  we  should  again  return  to  the 
scene  of  our  birth,  that  event  hav^ing  occurred  at  the  pumping 
station  of  that  city  at  Wenham  Lake. 

Our  Salem  friend  was  undoubtedly  innocent  enough  in  his 
statement.  He  did  not  know  himself.  Somebody  had  told  him 
so.  That  somebody's  imagination  had  added  the  item  of  birth 
to  the  actual  fact  of  a  visit  to  the  Salem  pumping  station  several 
months  after  the  organization  of  this  Association  in  Boston. 

After  hearing  of  so  many  places  where  we  had  come  into 
existence,  some  of  the  "  old  guard  "  members  began  to  feel,  with 
"  Topsy."  that  we  never  were  born.  I  can  sympathize  wdth  our 
"  Martin  Luther  "  friends  of  Lowell  in  the  pleasure  of  celebrating 
the  birthday  anniversary^  of  an  illustrious  leader  twice  a  month, 
or  more  frequently  if  one  finds  himself  in  proper  spirit  so  to  do, 
but  when  it  comes  to  location  of  birth,  most  of  us  prefer  to  know 
that  it  occurred  once  only  at  some  well-defined  place. 

In  the  minds  of  many  of  our  older  members  it  seemed  as  if 
better  information  regarding  our  early  days  was  sadly  needed. 
My  former  paper  was  an  attempt  to  supply  that  need.  How 
well  it  accomplished  its  mission  is  for  others  to  judge.  But  it 
appeared  to  meet  your  favor,  if  the  many  solicitations  for  a  con- 
tinuation of  those  reminiscences  is  any  index.  In  the  supple- 
mentary series  on  which  I  am  now  about  to  enter,  I  have  no  such 
prominent  object  in  mind  as  was  the  case  in  the  former  paper. 
Consequently,  what  I  now  have  to  say  may  fail  to  appeal  to  you 
as  favorably  as  did  the  former  address. 

My  former  paper  treated  of  the  period  commencing  with  our 
early  days,  and  concluding  with  the  New  Bedford  Convention  in 
June,  1886.  Henry  W.  Rogers,  then  superintendent  at  Law- 
rence, had  just  been  installed  as  president.  Albert  S.  Glover  and 
Edwin  Darhng  were  continued  in  their  respective  positions  as 
secretary  and  treasurer. 

Henry  W.  Rogers  *  possessed  a  type  of  manhood  that  we  do 
well  to  honor.     Scrupulously  honest  and  unusually  clearheaded 

*  A  portrait  of  Mr.  Rogers  accompanies  the  earlier  article. 
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and  well  equipped  in  his  chosen  work,  he  commanded  the  respect 
and  regard  of  every  one  who  came  in  contact  with  him.  He 
knew  his  business  thoroughly.  He  possessed  a  sensitive  nature, 
was  easily  upset  by  political  interference,  and  was  naturally  very 
shy  and  retiring;  so  he  was  apt  to  remain  very  quiet  at  our 
gatherings  unless  his  opinion  was  sought.  His  clear  statements 
were  always  valued,  for  they  were  filled  with  common  sense. 
This  Association  never  possessed  a  more  loyal  and  interested 
member  than  Henry  W.  Rogers.  During  the  latter  part  of  his 
presidency  he  resigned  his  position  as  superintendent  of  the 
Lawrence  Water  Works,  and  became  agent  for  Maxcy  &  Lewis,  of 
Maine,  then  well-known  contractors  for  various  water  construc- 
tion projects.     His  work  located  him  for  some  time  at  Calais,  Me. 

He  relinquished  his  connection  with  Maxcy  &  Lewis  in  1889, 
becoming  superintendent  at  Salem,  Mass.  In  1891  he  accepted 
the  superintendency  at  Milford,  Mass.  The  following  year  we 
find  him  superintendent  at  Haverhill,  Mass.,  which  position  he 
continued  to  fill  until  1898.  He  then  estabhshed  a  small  coal 
business  at  Roxbury,  Mass.,  which  he  soon  relinquished  on 
account  of  faihng  health.  He  returned  to  Haverhill  in  1899, 
and  died  in  that  city  in  April,  1901. 

An  important  item  to  chronicle  in  connection  with  Mr.  Rogers' 
administration  was  the  appearance  of  the  first  issue  of  the  present 
Ciuarterl}^  Journal  of  this  Association,  in  September,  1886.  At 
the  previous  June  convention  the  Association  had  decided  to 
establish  this  publication,  and  had  elected  W.  R.  Billings,  then 
superintendent  at  Taunton,  and  the  writer,  as  editors.  This 
publication  has  since  continued  to  appear  with  the  close  of  each 
quarter.  Neither  editor  possessed  previous  experience  with  the 
work  which  he  undertook.  But  that  did  not  matter.  Both 
took  hold  with  a  hearty  good-will  and  a  determination  that  the 
experiment  should  not  fail  for  want  of  push.  Being  located  only 
twenty  miles  apart,  it  was  easy  to  have  frequent  meetings.  We 
gave  much  study  to  the  general  typographical  appearance  of 
the  publication.  I  feel  that  we  did  well,  for  the  general  style 
then  adopted  has  remained  with  little  change  up  to  the  present 
time.  It  was  not  an  easy  matter  to  find  material  for  each  number 
in  those  da3^s.     I  had  quite  a  number  of  interviews  with  Prof. 
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W.  S.  Chaplin,  then  at  the  head  of  the  Lawrence  Scientific  School 
of  Harvard  University,  before  I  could  persuade  him  to  con- 
tribute his  paper,  entitled  "  Water  in  Japan,"  which  appeared 
in  the  second  issue.  I  had  a  similar  experience  in  obtaining 
from  T.  M.  Stetson,  Esq.,  a  noted  lawyer  in  my  citj,  his  argument 
in  favor  of  a  Fall  River  Water  Act,  which  appears  in  the  June, 
1887,  issue.  So  we  got  along  somehow,  and  the  way  gradually 
appeared  easier,  for  the  publication  soon  began  to  attract  at- 
tention outside  the  ranks  of  the  Association. 

At  the  invitation  of  President  Rogers,  the  September  field  day 
meeting  of  1886  was  held  at  Lawrence,  Mass.  It  consisted  of  a 
reception,  light  lunch,  visit  to  the  Pacific  Mills,  the  water  works 
pumping  station,  display  of  fire  department,  banquet,  speeches, 
and  benediction.  One  incident  occurred  in  connection  with  the 
visit  to  the  Pacific  Mills  which  I  do  not  recall  as  having  been 
heretofore  told.  Just  as  the  party  w^as  about  to  start  from  the 
city  hall  for  the  mill,  Mr.  Parker,  one  of  the  superintendents  of 
that  corporation,  came  to  me  and  told  me  that  he  was  very  much 
disturbed  at  the  receipt  of  a  message  announcing  that  a  certain 

Mr. would   probably    be    in    our    party.     This    individual 

was  a  well-known  expert  connected  with  a  rival  corporation,  and 
his  presence  would  not  be  agreeable  upon  the  floors  of  the  Pacific 
Mills.  We  failed  to  locate  any  one  answering  the  description 
furnished  by  Mr.  Parker.  So  we  had  a  dummy  telegram  pre- 
pared addressed  to  the  individual  in  question.  Just  as  the  party 
was  about  to  enter  the  mill,  I  jumped  upon  the  steps,  held 
up  the  telegram,  and  called  out  the  name.  No  one  responded. 
We  soon  learned  from  some  of  our  members  that  the  individual 
in  question  had  not  arrived.  Whereupon  the  mill  officials  felt 
decidedly  more  comfortable. 

The  following  December  the  quarterl}--  meeting  was  held  at 
the  Quincy  House,  Boston.  This,  and  a  meeting  held  in  January 
at  Young's  Hotel,  were  mainly  devoted  to  matters  of  exi^erience. 
In  February,  1887,  Hiram  F.  Mills,  C.E.,  a  member  of  the  then 
newly  organized  State  Board  of  Health,  gave  an  outline  of  work 
upon  which  that  organization  was  about  to  enter.  He  dwelt  in 
detail  upon  those  matters  having  special  interest  for  the  members 
of  this  Association.     That  was  the  beginning.     We  can  now  tes- 
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tify  our  appreciation  of  the  admirable  work  which  has  since  been 
accomphshed  by  this  board.  At  the  same  meeting,  Prof.  George 
F.  Swain  made  his  bow  to  the  Association,  presenting  an  able 
paper  upon  the  "  Influence  of  Forests  upon  Rainfall."  The 
following  month,  March,  1887,  saw  the  quarterly  meeting  at 
which  Albert  F.  Noyes,  then  city  engineer  at  Newton,  gave  his 
paper  on"  The  Driven  Well  System  as  a  Source  of  or  a  Means  of 
Obtaining  a  Water  Supply."  This  paper  attracted  considerable 
attention. 

The  sixth  annual  convention  occurred  at  Manchester,  N.  H., 
on  June  15,  16,  and  17,  1887.  President  Rogers  was  unavoidably 
prevented  from  attending  this  convention,  and  he  sent  word  at 
the  last  minute.  Secretary  Glover  had  great  difficulty  in  induc- 
ing a  vice-president  to  act  as  presiding  officer.  He  went  down 
the  list,  and  one  after  another  asked  to  be  excused,  until  he  came 
to  Willard  Kent,  our  present  accomplished  secretary.  He  kindly 
consented  to  help  out  as  best  he  could.  He  filled  the  position 
with  credit  to  himself,  and  to  the  great  satisfaction  of  all  present. 
In  the  long  list  of  those  elected  to  membership  at  this  time,  I  note 
the  following  well-known  names:  Rudolph  Hering,  Frederic  P. 
Stearns,  W.  E.  McClintock,  Prof.  George  F.  Swain,  George  A. 
Kimball,  J.  J.  R.  Croes,  Louis  H.  Knapp,  Prof.  Albert  R.  Leeds. 
There  were  several  interesting  papers  presented,  and  a  number 
of  topical  discussions  followed.  Among  the  most  important 
papers  presented  was  one  on  "  Mixing  and  Handling  of  Concrete 
at  Ashland  Basin  No.  4,"  by  Wilbur  F.  Learned,  and  another  on 
the  "  Aeration  and  Filtration  of  Water,"  by  the  late  Charles  B. 
Brush,  C.E.,  of  Hoboken,  N.  J.  A  brilliant  discussion  by  Prof. 
Albert  R.  Leeds  of  the  Stevens  Institute  at  Hoboken  followed 
the  presentation  of  the  last-named  paper.  He  had  a  fine  plat- 
form presence,  a  ready  flow  of  language,  and  an  interesting  and 
attractive  method  of  presenting  his  subject.  Consequently  he 
commanded  the  attention  of  all  his  listeners.  Both  Mr.  Brush 
and  Professor  Leeds  were  earnest  workers,  but  their  work  in  this 
world  has  since  been  closed  by  the  icy  touch  of  death. 

Jason  Giles  was  then  the  Manager  of  the  Chapman  \"alve  Manu- 
facturing Company.  He  was  very  popular.  During  a  discus- 
sion upon  the  subject  of  "Hydrants  "  at  this  convention,  he  was 
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invited  to  speak.     He  did  so,  showing  so  much  tact  that  he  was 
roundly  applauded  when  he  finished. 

The  subject  of  hotel  accommodations  has  always  been  and  still 
remains  a  fruitful  source  of  criticism.  Conventions  seldom  occur 
where  every  one  is  wholly  satisfied.  In  the  majority  of  conven- 
tions a  large  amount  of  fault-finding  is  in  evidence  from  this 
cause.  There  is  no  question  that  the  enthusiasm  of  many  of  our 
early  attendants  was  dampened  by  unsatisfactory  hotel  service. 
Right  here  I  am  going  to  relate  an  instance  which  occurred  at 
this  Manchester  convention.  The  hotel  selected  for  headquarters 
lacked  capacity.  We  were  crowded  in  all  sorts  of  ways.  A 
number  of  the  older  members  occupied  cots  set  up  at  night  in  the 
room  reserved  for  the  secretary's  office.  Others  doul)led  up  in 
rooms  as  best  they  could.  Among  the  company  was  George  H. 
Frost,  President  of  the  Engineering  News  Publishing  Company  of 
New  York.  He  shared  a  room  with  others.  They  did  not  agree 
as  to  the  proper  use  of  the  room.  Frost  went  to  his  room  at  night 
for  the  purpose  of  wooing  the  sleepy  god.  Some  of  his  comrades 
were  not  inclined  that  way.  At  a  late,  or  rather  early,  hour  there 
occurred  an  incident  which  rendered  sleep  impossible  for  the 
remainder  of  the  night  on  the  part  of  Frost.  When  he  appeared 
in  the  morning,  he  was  filled  with  righteous  indignation.  A  per- 
son of  his  quiet  taste  could  hardly  be  expected  to  be  in  sympathy 
with  the  treatment  w^hich  he  received  from  his  roommate.  His 
interest  in  the  convention  vanished,  and  he  immediately  left  for 
home.  I  think  that  he  has  never  appeared  at  any  of  our  meetings 
since.  Previous  to  that  time  he  had  taken  a  great  personal 
interest  in  our  affairs,  both  by  attendance  at  our  meetings  and  by 
helpful  service  in  many  other  ways.  In  appreciation  of  all  this, 
the  Association  had  elected  him  an  honorary  member  at  the  New 
Bedford  convention  the  previous  year.  He  must  have  had  an 
enjoyable  time  at  that  gathering,  for  evidence  of  which  note  the 
following  extract  from  an  editorial  which  appeared  in  the  Engi- 
neering News  of  June  26,  1886: 

"  It  is  quite  impossible  for  a  superintendent  of  waterworks  to  theorize  on  the 
advantages  of  attending  a  convention  such  as  this  while  seated  comfortably 
in  his  office  a  day's  journey  distant,  or  busily  engaged  in  superintending  ac- 
tual work  in  his  department.     Reading  the  published  reports  in  a  newspaper 
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or  in  the  transactions  of  the  Society  is  but  a  partial  substitute  for  actual 
attendance.  One  must  meet  in  person  his  fellow  experts,  see  what  kind  of 
men  the^^  are,  engage  in  conversation  at  the  meetings  and  elsewhere,  catch 
the  opinions  that  never  reach  the  stenographer  or  newspaper  reporters,  visit 
the  points  of  interest,  see  the  numerous  appliances  on  exhibition  that  are 
never  described  in  the  reports,  make  the  acquaintance  of  the  manufacturers 
and  their  agents  who  are  in  attendance,  enjoy  the  good  fellowship  that 
abounds,  and  in  general  obtain  the  benefits  of  a  delightful  outing  in  company 
with  a  select  band  of  kindred  spirits. 

"All  this  and  more  made  the  convention  at  New  Bedford  a  pleasant 
three  days'  vacation;  the  expense  was  trifling,  the  benefits  immense  in 
comparison;  the  city  government  and  water  commissioners  were  assiduous 
in  their  efforts  to  entertain  the  visitors,  and  they  succeeded  admirably; 
while  the  indefatigable  president  and  secretary  of  the  Association  managed 
to  keep  everything  in  the  smoothest  of  running  order,  —  after  the  example 
of  the  excellent  machineiy  at  the  pumping  station,  under  the  control  of  the 
president, — ^  so  that  nothing  was  lacking  to  render  the  meeting  a  genuine 
success,  viewed  either  as  an  intellectual  tournament  or  a  social  gathering." 

In  contrast  to  this,  let  me  present  the  following  from  the 
editorial  column  of  the  same  publication  of  June  25,  1887,  shortly 
after  the  experience  heretofore  related  regarding  the  Manchester 
convention: 

"The  next  annual  meeting  will  be  held  at  Providence,  R.  I.  It  is  a 
satisfaction  to  note  this  action  on  the  part  of  the  Association.  The  hotel 
accommodations  at  Manchester  were  most  unsatisfactory,  and  it  has  been 
abundantly'  demonstrated  that  the  average  New  England  hotel  in  cities  of 
the  size  of  Manchester  cannot  provide  for  an  uumediate  inroad  of  one 
hundred  and  twenty-five  extra  guests,  so  it  was  considered  advisable  to  seek 
.accommodations  in  the  larger  city.  There  is  no  doubt  that  good  food,  well 
served,  and,  above  all,  a  comfortable  bed  to  spend  the  night  in,  are  impor- 
tant elements  to  the  success  of  any  gathering  such  as  these  conventions  are. 
If  men  come  to  the  meetings  weary  in  body  and  mind,  hungry  and  sleepy, 
they  cannot  be  expected  to  feel  much  enthusiasm  over  the  subject  in  hand. 
It  is  simply  the  national  disposition  that  allows  the  average  American  to 
submit  to  the  regular  imposition  of  the  average  innkeeper.  Americans  are 
the  most  patient  and  submissive  people  in  the  world;  if  there  is  any  part  of 
America  where  good  hotels  should  be  the  rule  and  not  the  exception,  it  is  in 
New  England,  and  it  is  the  duty,  an  absolute  obligation  of  a  body  of  men 
such  as  met  in  Manchester  last  week,  to  express  their  feelings  of  dis.satisfac- 
tion  where  they  are  not  properly  treated." 

The  hotel  accommodations  at  Manchester  were  fully  as  good 
as  they  were  the  previous  year  at  New  Bedford.     That  in  my 
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own  city  I  know  to  be  inadequate  to  satisfactorily  cater  for  one 
of  our  three  days'  conventions.  Without  doubt  there  were  many 
at  New  Bedford  who  suffered  from  poor  service.  But  our  friend 
did  not  happen  to  be  one  of  that  number.  On  the  contrary,  he 
appears  to  have  been  w^ell  cared  for  on  that  occasion. 

When  it  is  possible  to  provide  attractive  and  comfortable  serv- 
ice, it  is  indeed  a  pleasure  to  have  the  convention  of  this  Asso- 
ciation meet  at  our  respective  home  cities.  But  the  city  or  town 
that  lacks  proper  hotel  accommodations  had  better  refrain  from 
urging  such  a  gathering  to  assemble  within  its  borders,  rather 
than  to  risk  the  result  that  many  may  return  to  their  homes 
dissatisfied  with  the  hotel  treatment  they  have  experienced. 
There  are  really  very  few  cities  in  New  England  to-day  that  con- 
tain hotel  equipments  adequate  for  such  an  occasion  as  our 
three  days'  convention. 

At  the  close  of  this  convention  Edwin  Darling  became  presi- 
dent; R.  C.  P.  Coggeshall,  secretary;  Albert  S.  Glover,  treasurer; 
Prof.  George  F.  Swain,  senior  editor;  William  R.  Billings,  junior 
editor.  The  Association  had  now  reached  a  degree  of  prosperity 
where  it  was  decided  to  allow  a  salary  of  three  hundred  dollars 
and  traveling  expenses  to  its  secretary. 

The  last  day  of  this  convention  was  devoted  to  a  program 
of  entertainment  prepared  by  Manchester  friends.  The  day 
was  perfect  and  the  program  went  off  without  a  hitch.  In  the 
morning  we  took  a  drive  through  different  parts  of  the  city, 
stopping  first  at  Superintendent  Walker's  comfortable  "  old 
Colonial  "  home,  when  under  the  spreading  elms  we  pq,rtook  of 
refreshments,  which  afterwards  were  washed  down  with  Massa- 
besic  water  artistically  combined  with  something  attractive  to 
the  palate,  and  which  caused  the  stock  on  hand  to  disappear  hke 
dew  before  the  morning  sun.  Then  a  little  later  another  stop 
was  made  at  Commissioner  Chandler's  home,  when  a  similar 
program  was  indulged  in.  We  then  proceeded  to  the  train 
for  Lake  Massabesic,  the  source  of  the  water  supply  of  the  city 
of  Manchester.  Arriving,  the  pilgrims  were  conveyed  across  a 
short  arm  of  the  lake  by  a  funny  little  steamer  named  Joe 
Cobb  to  Fletcher's  Island,  where  a  shore  dinner  was  served, 
followed  by  speech-making  and   amusements  of  various    sorts. 
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There  were  several  ex-governors  of  New  Hampshire  in  the  party 
that  day.  One  of  them  remarked  that  he  felt  certain  that  the 
New  England  Water  Works  Association  was  an  excellent  insti- 
tution to  prevent  scarcity  of  water  supplies,  for  he  had  seen  them 
on  many  occasions  and  noticed  that  they  always  tasted  it,  but 
finding  it  an  old  acquaintance,  they  endorsed  it,  saying  that  it 
was  very  good,  and  then  passed  to  try  the  next.  John  Hosley, 
then  mayor  of  Manchester,  was  in  evidence  everywhere  that  day. 
So  was  the  water  registrar,  Walter  E.  Stearns,  who  did  much 
personal  work  during  the  entire  convention  in  enhancing  the 
personal  comfort  of  the  visitors. 

Edwin  Darling  was  president  of  this  Association  from  June, 
1887,  to  June,  1888.  He  possessed  a  tremendous  energy,  in- 
domitable will,  and  vigorous  but  narrow  intellect.  He  had  many 
of  the  qualities  of  good  leadership.  He  had  very  positive  opin- 
ions upon  all  matters,  and  was  extremely  fond  of  having  his  own 
way.  There  was  nothing  bashful  in  his  makeup.  If  he  wanted 
an  office  he  frankly  said  so,  and  asked  you  to  support  him:  wit- 
ness his  effort  for  election  to  the  presidency  of  this  Association  for 
a  second  term,  in  June,  1888,  But,  withal,  he  was  an  extremely 
kindhearted  man,  and  no  one  ever  wanted  to  be  upon  the  popular 
side  more  than  he.  Of  his  integrity  and  honesty  there  is  no 
question.  He  felt  that  he  was  the  natural  leader  of  the  Asso- 
ciation; and  as  long  as  he  could  maintain  a  prominent  position 
in  our  affairs  his  interest  continued;  but  a  few  years  later,  when 
his  influence  waned,  he  resigned  his  membership.  He  lived  only 
a  few  months  after  leaving  this  Association. 

The  September  meeting  of  1887  occurred  upon  the  steamer 
Mt.  Washington,  on  Lake  Winnepesaukee.  All  that  was  done 
was  to  add  a  few  names  to  our  membership  roll. 

Commencing  with  the  following  December,  there  occurred 
four  successive  monthly  meetings  at  Young's  Hotel,  Boston. 
Among  notable  papers  presented  at  this  period  were  those  by 
Prof.  T.  M.  Drown  on  "  Odor  and  Color  of  Surface  Waters," 
and  by  Prof.  W.  T.  Sedgwick  on  "  The  Biological  Examination 
of  Water."  Among  well-known  names  added  to  our  membership 
roll  at  this  period  appear  those  of  George  E.  Evans,  R.  A.  Hale, 
and  the  late  Charles  H.  Swan. 


Plate  I. 


EDWIN    DARLING 
President  of  the    New    England    Water   Works   Assoc, ati 
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The  Providence  convention  occurred  June  13,  14,  and  15,  1888. 
The  headquarters  of  the  Association  were  at  the  Narragansett 
Hotel.  The  sessions  were  held  at  the  Veteran  Fireman  Asso- 
ciation Hall.  The  hotel  arrangements  were  a  decided  advance, 
viewed  from  the  point  of  comfort,  over  anything  we  had  hereto- 
fore experienced.  But,  as  I  look  back,  it  seems  to  me  that  this 
convention  was  the  most  uninteresting  of  any  I  ever  attended. 
The  very  oppressive  weather  which  came  at  this  time  probably 
contributed  to  the  lack  of  inspiration  evident  on  every  hand. 
Then  I  have  felt  that  the  program  was  not  as  attractive  as  it 
might  easily  have  been  made.  Some  of  the  members  were  so 
affected  that  they  left  for  home  before  the  close.  I  was  in  a 
gloomy  state  of  mind,  and  well  remember  the  help  given  me  by 
a  talk  with  our  always  ''level-headed  "  friend,  Charles  K.  Walker, 
in  the  hotel  lobby  at  the  close  of  the  last  session.  Among 
those  who  joined  the  Association  at  this  time  were  Thomas  M. 
Drown,  J.  Herbert  Shedd,  George  F.  Chace,  J.  A.  Gould,  and 
Charles  E.  Bolhng.  Among  the  papers  presented  were  "  Tubular 
Wells,"  by  the  late  W.  C.  Boyce;  "  Soils  from  which  Water  Sup- 
plies may  be  Drawn  by  Filter  Galleries,"  by  the  late  Phinehas 
Ball;  "Aeration"  and  "Relief  Valves,"  by  S.  E.  Babcock; 
"  Covered  Reservoirs,"  by  the  late  Charles  H.  Swan;  "  Testing 
of  Water  Meters,"  by  L.  Frederick  Rice,  and  a  lecture  illustrated 
by  lantern  slides  upon  the  method  of  building  the  new  Croton 
aqueduct,  by  Prof.  J.  E.  Denton,  of  Hoboken,  N.  J.  The  con- 
cluding feature  of  this  convention  was  an  excursion  down  Provi- 
dence River  upon  the  last  day,  with  a  landing  at  Crescent  Park, 
where  the  party  partook  of  a  shore  dinner. 

Hiram  Nevons,  of  Cambridge,  became  president  at  the  close 
of  this  convention;  R.  C.  P.  Coggeshall  was  reelected  secretary; 
Albert  S.  Glover  was  reelected  treasurer;  Prof.  George  F.  Swain 
was  elected  senior  editor;  and  Walter  H.  Richards,  junior  editor, 

Hiram  Nevons,  the  seventh  president  of  this  Association,  was 
then  the  superintendent  of  the  Cambridge  Water  Works.  He 
was  a  man  of  good  executive  ability.  He  was  tender  and  sym- 
pathetic in  all  the  relations  of  life.  Strong  in  his  personal  attach- 
ments, he  possessed  a  cheerful  and  welcome  presence,  which 
impressed  every  one  who  came  in  contact  with  him.     Having  a 
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deeply  religions  nature,  he  introduced  during  his  administration 
the  offering  of  grace  at  the  opening  of  each  of  our  functions. 
To  him  should  be  ascribed  the  introduction  of  music  as  a  feature 
in  the  programs  of  our  meetings.  His  administration  was  very 
successful. 

In  September,  1SS8,  there  occurred  a  field-day  gathering  at 
Cambridge.  After  an  inspection  of  the  various  features  of  the 
Cambridge  water  system,  there  followed  a  banquet,  tendered  by 
the  city  government  and  the  Water  Board. 

During  the  following  winter  there  occurred  the  four  usual 
monthly  meetings  at  Young's  Hotel,  Boston.  Among  the  promi- 
nent papefs  presented  were:  "The  Construction  and  Maintenance 
of  Water  Works,"  by  the  late  Hon.  Chester  W.  Kingsley;  "  Safe 
Ratio  of  Pumping  Capacity  to  Maximum  Consumption,"  by 
Wilham  B.- Sherman;  "  Water  in  Some  of  Its  Higher  Relations," 
by  Rev.  D.  N.  Beach.  In  addition  to  the  above,  a  large  number 
of  brief  experience  papers  were  presented  and  discussed. 

We  note  the  following  names,  among  others,  of  new  members 
elected  during  this  period:  John  R.  Freeman,  Louis  E.  Hawes, 
Prof.  Charles  F.  Chandler,  Wilham  Paul  Gerhard,  Freeman  C. 
Coffin,  Horace  L.  Eaton,  Byron  I.  Cook,  Prof.  Dwight  Porter, 
Capt.  James  L.  Lusk,  and  James  L.  Gale,  the  last-named  being 
elected  an  honorary  member. 

The  eighth  annual  convention,  which  occurred  at  Fall  River, 
on  June  12,  13,  and  14,  1889,  was  one  of  the  most  enthusiastic 
gatherings  we  ever  had.  It  was  like  a  stiff  southwest  breeze 
from  start  to  finish.  There  was  something  doing  all  the  time, 
and  fio  wonder,  when  one  realizes  that  the  entertainment  features 
were  directed  by  Patrick  Kieran,  William  M.  Hawes,  and  W.  W. 
Robertson,  all  Fall  River  men.  Those  of  us  who  have  enjoyed 
the  gracious  hospitality  of  Patrick  Kieran  know  that  he  is  an 
artist  of  the  first  rank  upon  such  occasions.  I  verily  beheve  that 
Patrick  Kieran  is  in  his  happiest  mood  when  engaged  in  making 
bountiful  provision  for  the  entertainment  of  some  friend.  As 
for  Wilham  M.  Hawes,  what  a  host  he  was!  He  always  knew 
how  to  say  in  a  cheery  way  the  right  thing  at  the  right  time,  and 
merry  peals  of  laughter  were  sure  to  follow.  He  was  undoubtedly 
one  of  the  most  popular  members  our  Association  has  ever  had. 
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Our  ftymjmthy  went  to  liini  ;i  few  years  later  wIkmi  he  was 
attacked  by  that  long  fatal  illness,  and  when  the  end  came  we 
keenly  felt  that  we  had,  indeed,  lost  a  loving  friend. 

Among  the  papers  presented  at  this  convention  were:  ''  Hy- 
drants," by  George  A.  Stac}^;  "  The  Richmond  Water  Works," 
by  Charles  E.  Boiling;  "  Friction  in  the  Collection  of  Meter  Rates," 
by  George  F.  Chace;  ''  Recent  Progress  in  Biological  Water 
Analysis,"  by  Prof.  W.  T.  Sedgwick;  "  Water- Works  Records," 
by  Albert  S.  Glover;  "  Pumi)ing  Engines,"  illustrated  by  lan- 
tern slides,  by  Prof.  J.  E.  Dentoii.  Among  the  names  here  added 
to  the  membership  roll  appear  L.  M.  Hastings,  E.  H.  Keating, 
and  Robert  K.  Martin. 

One  incident  was  the  acceptance  of  a  gavel,  which  was  pre- 
sented from  J.  M.  Diven,  secretary  of  the  American  Water  Works 
Association. 

At  the  close  of  this  convention  Dexter  Bracket  t  became  presi- 
dent, R.  C.  P.  Coggeshall  was  reelected  secretary,  Hiram  Nevons 
was  elected  treasurer,  F.  H.  Parker,  senior  editor,  and  Albert  S. 
Glover,  junior  editor. 

Shortly  after  this  election  a  i)hotograi)lior  appeared  at  the  hotel 
with  a  camera,  for  the  purpose  of  obtaining  a  snapshot  of  the  newly 
elected  president,  for  insertion  in  the  newspaper  report  of  the  con- 
vention. Had  the  photographer  requested  a  sitting,  his  request 
would,  undoubtedly,  have  been  granted,  but  he  undertook  to 
get  the  picture  unbeknown  to  his  subject.  His  object  was 
discovered,  and  then  followed  some  very  amusing  atternpts  to 
get  the  desired  picture,  all  of  which  failed. 

President  Nevons  brought  his  choir  with  him.  The  leader 
and  bass  singer  was  Francis  L.  Pratt,  then  tlio  city  messenger  of 
the  city  of  Cambridge.  He  was  a  fine  singer  and  a  fine  leader. 
He  was  in  constant  attendance  at  our  meetings  for  many  years, 
and  his  singing  was  always  popular.  Whenever  there  was  any 
lull  in  the  discussions.  President  Nevons  would  make  a  requisition 
on  the  choir  for  an  inspiring  selection.  It  had  the  effect  of  making 
things  lively.  I  think  the  closing  exercises  of  this  convention 
the  most  unique  of  anything  of  the  sort  that  I  ever  attended. 
Everything  was  bubbling  over  with  good  cheer.  Excitement 
was  rampant,  and  all  hands  acted  like  a  parcel  of  overgrown 
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schoolboys  bent  upon  making  a  great  big  noise.  At  the  close, 
the  actions  were  pretty  near  the  dimensions  of  a  "  breakdown  " 
or  a  "cake  walk."  All  hands  were  on  their  feet,  — some  dancing, 
some  beating  time,  while  the  singers  whooped  it  up  on  some  two 
or  three  dozen  verses  of  "  Mary  had  a  Little  Lamb  "  to  the  tune 
of  the  "  Battle  Cry  of  Freedom."  The  congregation  joined  in 
the  chorus: 

"Hurrah  for  Miss  Mary! 

Hurrah  for  the  lamb  ! 

Hurrah  for  the  teacher, 

Who  didn't  care  a ! 

For  we'll  rally  round  the  flag,  etc." 

The  word  "  damn  "  was  emphasized  by  the  singers  and  the 
president  with  the  explosion  of  dynamite  torpedoes.  WilHam 
M.  Hawes  was  an  imposing  spectacle  as  he  stood  upon  a  chair, 
thoroughly  excited,  waving  his  handkerchief,  cane,  and  spec- 
tacles. Things  grew  blue  and  dusty,  and  thus  the  Fall  River 
convention  came  to  a  close. 

Charles  E.  Boiling,  the  able  superintendent  at  Richmond,  Va., 
and  Capt.  James  L.  Lusk,  then  in  charge  of  the  Washington,  D.  C, 
Water  Department,  made  their  first  appearance  at  this  time.  Mr. 
Boiling  made  his  bow  to  the  Association  with  a  carefully  prepared 
paper,  reviewing  the  details  of  the  works  under  his  charge.  A 
few  years  later  I  was  entertained  by  both  of  these  gentlemen  in 
their  respective  home  cities.  Mr.  Boiling  possesses  a  very 
attractive  personality,  and  would  be  sure  to  become  popular  in 
any  body  with  which  he  associated.  Later  he  became  the  presi- 
dent' of  the  American  Water  Works  Association.  Captain  Lusk 
was,  a  few  years  later,  transferred  from  Washington  to  service 
in  other  branches  of  the  army.  Neither  of  these  gentlemen 
ever  attended  many  of  our  meetings ;  I  suppose  the  long  distance 
made  it  an  impossibility.  As  both  were  strangers  to  our  section 
of  the  country  at  that  time,  I  have  often  wondered  what  sort  of 
an  impression  the  unusual  scone  described  above  must  have  made 
upon  them. 

The  ex-presidents  whom  I  have  heretofore  mentioned,  and 
who  filled  the  space  from  the  time  of  my  presidency,  in  1886,  up 
to  this  period,  have  all  faded  from  earthly  sight.     Dexter  Brackett, 
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who  assumed  the  presidency  at  this  time,  is  an  ex-president  who 
is  still  young,  very  much  alive,  and  a  familiar  figure  to  you  all, 
and,  what  is  still  more  to  the  purpose,  he  proposes  to  keep  up  his 
youthful  ways  and  indomitable  energy  as  long  as  he  lives.  He 
put  a  tremendous  amount  of  labor  into  the  work  of  his  adminis- 
tration. There  was  no  lack  of  inspiration  while  his  hand  was  at 
the  helm.  He  was  a  working  president  in  every  sense  that  the 
word  implies.  His  deep  interest  in  our  affairs  continues  una- 
bated, and  the  many  helpful  services  which  he  is  constantly 
rendering  are  always  appreciated. 

In  the  matter  of  entertainment,  our  Fall  River  friends  offered 
a  full  program.  At  the  close  of  one  of  the  afternoon  sessions  the 
Association  visited  the  new  High  School  Building  and  inspected 
every  part.  In  the  hall  in  the  upper  part  of  the  building  is 
a  marvelous  cartoon  by  Kaulbach,  entitled  ''  The  Era  of  the 
Reformation."  The  salient  features  of  this  picture  were  de- 
scribed by  one  of  the  lady  teachers. 

The  last  day  was  devoted  wholly  to  entertainment.  A  visit 
to  the  pumping  station  was  followed  by  a  steamboat  excur- 
sion. A  landing  was  made  at  Bullock's  Point,  on  the  Providence 
River,  w^here  a  shore  dinner  was  served.  In  the  speech-making 
which  followed  the  dinner,  some  one  referred  to  Rhode  Island  g,s 
a  fertile  state,  to  which  William  M.  Hawes  ventured  the  sally 
that  she  ought  to  be  a  fertile  state,  as  she  had  the  whole  filth  of 
Massachusetts  draining  down  upon  her.  At  the  conclusion  of 
these  exercises  the  steamer  was  again  boarded,  and  the  party 
proceeded  as  far  as  Newport,  where  a  landing  was  made.  Leav- 
ing Newport,  a  direct  return  was  made  to  Fall  River. 

In  the  following  month  of  September  an  excursion  was  made 
to  the  White  Mountains.  Under  the  leadership  of  President 
Brackett,  the  party  left  Boston  on  the  29th,  took  dinner  at 
the  Pemigewasset  House  at  Plymouth,  and  late  in  the  after- 
noon arrived  at  the  Crawford  House,  White  Mountain  Notch. 
Here  they  remained  over  Sunday.  Visits  to  various  points  of 
interest  were  made  upon  that  day.  Our  friend  Joseph  E.  Beals 
made  an  involuntary^  test  of  the  temperature  of  the  water  of 
"  Beecher's  Cascade,"  which  those  who  witnessed  will  never 
forget  —  and  I  don't  believe  he  ever  will,  either.    The  scenery  upon 
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that  quiet  Sunday  was  grand.  The  mountain  sides  were  ablaze 
with  brilliant  glory  of  autumnal  tints,  while  the  summits  were 
capped  with  ghstening  snow.  The  return  trip  was  made  on 
Monday  by  the  way  of  North  Conway,  where  a  stop  was  made  and 
the  party  driven  to  various  points  of  interest,  after  which  a 
dinner  was  served  at  the  Kearsarge  House.  It  was  a  most 
enjoyable  trip.  We  had  our  own  private  car,  and  many  will  re- 
member our  friend  who  rigged  himself  appropriately  and  acted 
as  "  water  boy  "  to  the  party.  We  arrived  in  Boston  that  night 
in  a  drenching  rain. 

Early  in  December  the  series  of  monthly  meetings  was 
resumed  at  Young's  Hotel,  Boston.  At  the  first  meeting  John  R. 
Freeman,  the  eminent  hydraulic  engineer,  presented  one  of  the 
most  valuable  productions  ever  published  by  this  Association. 
I  refer  to  his  well-known  paper  entitled,  ''  Some  New  Experi- 
ments and  Practical  Tables  Relating  to  Fire  Streams."  The 
January  and  March  meetings  were  devoted  to  the  presentation 
and  discussion  of  short  papers  covering  a  wide  range  of  subjects 
pertaining  to  our  daily  work.  At  the  February  meeting  Mr. 
F.  F.  Forbes  contributed  an  excellent  study  of  "  Algae  Growths 
in  Reservoirs  and  Ponds."  At  this  same  meeting  Prof.  WilHam 
T.  Sedgwick  joined  our  list  of  active  members. 

I  have  many  times  received  tangible  evidences  of  the  good-will 
and  esteem  of  the  members  of  this  Association.  Twice  this  has 
come  in  the  form  of  a  generous  surprise,  which  completely  over- 
awed me  for  the  time.  You  will  remember  that  I  served  as  your 
secretary  from  the  day  of  your  organization  until  June,  1884, 
when  I  retired  in  favor  of  Albert  S.  Glover.  At  a  field  meeting 
three  months  later,  at  Woodland  Park  Hotel,  Auburndale,  Mass., 
I  was  called  up,  and  William  R.  Billings,  in  your  behalf,  presented 
me  with  a  magnificent  engraving  of  Guido  Reni's  "  Aurora." 
This  incident  was  followed  by  Charles  K.  Walker  addressing 
me,  stating  that  he  had  been  requested  to  give  me  a  good 
caning.  After  humorous  remarks,  he  placed  a  beautiful  gold- 
headed  cane,  appropriately  engraved  as  to  occasion  and  date, 
in  my  hands.  These  treasures  now  adorn  my  home,  and  always 
bring  pleasant  memories  to  my  mind  as  I  view  them.  Then  again 
upon  the  day  of  my  marriage  (April  29,  1890),  there  appeared 
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at  the  home  of  my  bride  a  magnificent  case  of  solid  silver,  accom- 
panied with  an  elaborately  carved  solid  oak  writing  desk.  These 
came  with  yoar  good  wishes.  It  was  a  wonderfully  pleasant 
surprise.  I  have  never  been  able  to  adequately  express  my 
gratitude  for  the  prominent  part  which  you  played  in  making 
that  day  for  me  what  it  ought  to  be  in  every  similar  case,  i.  e., 
the  happiest  day  in  a  man's  life. 

The  ninth  annual  convention  occurred  at  Portland,  Me.,  June 
11,  12,  and  13,  1890.  This  convention  will  always  remain  noted 
as  supplying  a  practical  exponent  of  the  element  with  which  we 
deal.  Water  fell  in  profusion,  and  we  were  tempted  to  cry  aloud 
to  Heaven  to  deliver  us  from  our  friend.  Of  course  the  elaborate 
program  of  entertainment  prepared  by  our  Portland  friends  was 
completely  upset  by  the  drenching  rain.  We  were  to  hav^e  gone  to 
Lake  Sebago  upon  the  last  day,  but  it  was  impossible  to  do  this. 
Instead,  we  started  for  our  respective  homes.  Some  of  our  party, 
feeling  that  a  second  flood  had  been  inaugurated,  emulated  the 
example  of  a  certain  Mr.  and  Mrs.  Noah, —  who,  together  with 
Ham,  Shem,  and  Japheth,  dodged  imiDending  disaster  by  fleeing 
to  a  certain  ark,  —  and  took  passage  to  Boston  by  boat,  feeling 
sure  that  as  long  as  they  were  afloat  they  would  be  reasonably 
safe.  But  they  gave  no  thought  to  the  high  wind,  and  when 
the  boat  gave  evidence  that  she  had  reached  the  open  ocean, 
then  it  was  that  Horace  Holden,  Frank  Andrews,  Uncle  Jonas 
Clark,  of  Northampton,  and  others  commenced  to  suffer  with 
other  troubles  all  their  own.  There  was  very  little  sleep  upon 
the  mighty  deep  that  night. 

It  was  a  merry  party  which  indulged  in  a  trolley  ride  the 
evening  before  the  convention  opened.  There  were  Mr.  and  Mrs. 
Brackett,  Mr.  and  Mrs.  Glover,  Mr.  and  Mrs.  Ross,  Mr.  and  Mrs. 
Phipps,  Mr.  and  Mrs.  Coggeshall,  and  others  whom  I  do  not  now 
recall.  For  over  two  hours  we  rode  through  various  streets  of 
Portland.  We  attracted  considerable  attention  from  the  natives 
because  of  our  vocal  attainments.  "  Annie  Rooney  "  was  a 
popular  selection  then,  and  it  surely  was  more  than  popular  with 
our  party  that  night,  judging  from  the  number  of  times  it  was 
repeated.  It  was  a  beautiful  night,  but  we  saw  no  more  decent 
weather  until  after  the  close  of  the  convention. 
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t)ur  headquarters  at  Portland  were  at  the  Falmouth  Hotel. 
Here  it  was  that  on  the  evening  of  the  second  day  the  Portland 
Water  Company  gave  an  elaborate  banquet  in  our  honor.  We 
had  fine  music,  and  the  banquet  was  followed  by  a  set  of  inter- 
esting speeches.  One  of  the  drawbacks  to  our  hotel  quarters 
was  the  fact  that  the  city  of  Portland  was  entertaining  the  Mont- 
gomery Light  Guards,  of  Boston,  at  the  same  hotel  at  the  same 
time,  which  had  the  tendency  to  make  our  accommodations 
somewhat  cramped.  George  P.  Wescott  was  treasurer  of  the 
Portland  Water  Company.  He  is  at  present,  and  has  been  for 
many  years,  a  very  prominent  figure  in  many  business  enterprises 
throughout  Maine.  He  was  greatly  interested  in  the  success 
of  this  convention,  had  rendered  valuable  help  in  the  preparation 
of  the  program,  and  had  made  generous  provision  in  the  matter 
of  our  entertainment  at  Sebago  Lake.  While  he  is  a  man  of 
tremendous  energy  and  push,  the  ceaseless  rain  at  this  time  was 
too  much  for  him,  and  thus  his  efforts  failed  to  materialize. 

Among  the  papers  presented  at  this  convention  were:  "  The 
Effect  of  Water  Hammer  on  Main  Pipe  and  How  Remedied," 
by  J.  C.  Hancock,  superintendent  at  Springfield,  Mass.;  Prof. 
William  T.  Sedgwick  spoke  upon."  Surface  Water  for  Drinking 
Purposes  ";  A.  W.  Locke,  then  engineer  in  charge  of  the  Hoosac 
Tunnel,  since  deceased,  presented  some  engineering  notes  made 
in  Holland  in  1887;  P.  F.  Crilly  read  a  paper  entitled,  "  Why  1 
Favor  the  Use  of  Cement  Pipe";  G.  A.  Roullier,  superintendent 
at  Flushing,  N.  Y.,  read  a  paper  entitled,  "  Water  Meters,  the 
Advisabihty  of  Their  Use";  John  A.  Gould,  of  Boston,  spoke 
concerning  "Recording  Gages";  C.  W.  Morse,  of  Haverhill, 
read  a  paper  upon  "  Comparative  Merits  of  Public  and  Private 
Management  of  Water  Works,"  and  one  afternoon  Alphonse 
Fteley,  the  chief  engineer  of  the  New  York  Aqueduct  Commis- 
sion, gave  a  very  interesting  and  instructive  talk  upon  the  new 
Croton  aqueduct,  beautifully  illustrated  by  lantern  views. 

At  this  convention  Albert  F.  Noyes,  of  West  Newton,  was 
elected  president,  the  incumbents  of  the  offices  of  secretary, 
treasurer,  and  editor  being  continued  in  their  respective 
places. 

No  member  ever  had  a  deeper  interest  in  the  welfare  of  this 
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Association  than  did  Albert  F.  Noyes,  our  ninth  president.* 
Joining  this  Association  soon  after  its  foundation  in  1882,  he 
remained  a  constant  and  enthusiastic  attendant  of  its  various 
gatherings  until  his  tragic  death  in  the  Park  Square  Station  in 
1896.  He  was  one  of  the  most  unselfish  and  sunny  men  I  ever 
met.  A  pleasant  speaker,  always  ready  to  take  part  in  the  dis- 
cussions, his  opinions  were  highly  prized  because  of  his  wide 
experience,  close  observation,  and  sound  common  sense.  He 
made  many  contributions  to  our  literature,  all  of  which  appear 
in  the  pages  of  our  Journal. 

In  the  month  of  September  following,  a  very  successful  excur- 
sion was  m.ade  to  the  Franconia  Mountains.  The  party  left 
Boston  on  Saturday.  Dinner  was  served  at  the  Pemigewasset 
House  at  Plymouth,  and  the  Profile  House,  Franconia  Notch, 
was  reached  late  on  Saturday  afternoon.  Here  the  party 
remained  over  Sunday,  returning  to  Boston  on  Monday,  via 
Pemigewasset  Valley  route. 

The  usual  series  of  winter  monthly  meetings  was  held  at 
Young's  Hotel,  Boston,  commencing  December  10.  They  were 
well  attended  and  were  very  successful.  Prominent  among  tha 
papers  presented  at  this  period  were:  "  Secular  and  Local  Varia- 
tions of  Weather  and  Chmate  as  Affecting  Water  Supplies,"  by 
Prof.  W.  H.  Niles,  president  of  the  New  England  Meteorological 
Society;  "  The  Filtration  of  Natural  Waters,"  by  Prof.  Thomas; 
M.  Drown; ''  The  Effect  of  Storage  upon  the  Quality  of  Water," 
by  F.  P.  Stearns,  then  engineer  of  the  State  Board  of  Health; 
"  The  Soft  Answer,"  by  L.  H.  Gardner,  superintendent.  New 
Orleans,  La.;  "  Typhoid  Fever  in  Its  Relations  to  Water  Sup- 
plies,"  by  Hiram  F.  Mills,  C.E. 

The  sessions  of  the  tenth  annual  convention  were  held  in 
Putnam  Phalanx  Hall,  Hartford,  Conn.,  on  June  10,  11,  and  12, 
1891.  There  were  not  so  many  prominent  papers  presented  at 
this  convention  as  had  been  the  case  heretofore.  The  papers 
were  largely  descriptive  of  some  personal  experiences.  E.  E. 
Farnham,  of  Sharon,  presented  "  An  Experience  with  Water 
Hammer  ";  H.  G.  Holden,  of  Nashua,  presented  a  paper  entitled 
"  Are  Lead  Pipe  Connections  for  Iron  Service  Pipes  Desirable?  " 

*  A  portrait  of  Mr.  Noyes  was  published  in  the  Journal  of  March,  1897  (Vol.  XI,  p.  195) 
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J.  C.  Hancock,  of  Springfield,  presented  the  subject,  ''The  Risks 
Taken  by  a  City  or  Town  in  having  but  One  Supply  Main  "; 
George  F.  Chace,  of  Taunton,  read  a  paper  entitled,  "Three  Years' 
Experience  with  a  Direct  Pumping  System  ";  Freeman  C.  Coffin, 
of  Boston,  presented  a  paper  entitled,  "Standard  Flanges  for 
Water  Pipes  ";  Lucian  A,  .Taylor  gave  a  description  of  the  New 
Haven  Water  Company's  dam  at  Woodbridge,  Conn.;  F.  F. 
Forbes,  of  Brookhne,  read  an  able  paper  entitled,  "The  Relative 
Taste  and  Odor  Imparted  to  Water  by  some  Algse  and  Infusoria, 
and  Thoughts  Suggested  by  Studies  in  this  Direction." 

Besides  the  above  there  were  a  number  of  brief  experience 
papers  presented,  and  several  topical  discussions  were  introduced. 

In  his  annual  address  delivered  at  the  opening  of  this  convention. 
President  Noyes  stated  that  "  there  has  been  a  growing  feeling 
among  many  of  the  members  that  the  Association  should  have 
permanent  headquarters."  This  was  the  first  suggestion  in  that 
direction.  At  one  of  the  later  sessions  a  committee  of  five  was 
appointed  to  take  the  matter  into  consideration  and  to  report 
recommendations. 

At  one  of  the  sessions  a  committee  was  also  appointed  to  consider 
the  question  of  a  suitable  badge,  and  to  report  recommendations. 

One  of  the  pleasant  features  of  this  convention  was  the  music. 
The  Cambridge  musicians,  led  by  Francis  L.  Pratt,  who  were 
introduced  to  us  by  Hiram  Nevons  when  he  was  president,  were 
present.  It  is  hardly  necessary  to  add  that  their  work  was 
-almost  always  extremely  satisfactory.  I  say  almost  always, 
because,  owing  to  no  fault  of  theirs,  there  was  one  occasion  during 
this  convention  that  they  made  a  most  ludicrous  appearance. 
It  occurred  during  a  reception  in  the  parlors  of  the  Allyn  House, 
at  the  close  of  the  evening  session  upon  the  second  day.  The 
l^iano  in  the  Convention  Hall  was  all  right,  but  no  one  had  thought 
to  look  over  the  piano  in  the  hotel.  In  reality  it  was  in  a  horrible 
condition.  When  the  musical  program  of  that  evening  com- 
menced, that  piano  gave  out  some  of  the  most  wretched  discords 
you  can  possibly  imagine.  The  artists  were  completely  upset. 
Of  course  the  musical  attempt  at  this  time  was  a  fiat  failure,  but 
•everybody  laughed  and  was  good  natured  about  it. 

At  the  end  of  this  convention,  the  Hartford  Water  lioard  enter- 
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tained  the  memlDers  of  the  Association  with  a  ride  to  their  storage 
lakes. 

At  the  close  of  this  convention,  Horace  G.  Holden,  of  Nashua, 
assumed  the  presidential  chair.  The  writer  was  reelected  sec- 
retary; Hiram  Nevons,  of  Cambridge,  was  reelected  treasurer; 
Dexter  Brackett  succeeded  F.  H.  Parker  as  senior  editor;  Walter 
H.  Richards,  of  New  London,  succeeded  Albert  S.  Glover  as 
junior  editor. 

Albert  S.  Glover,  who  now  retires  from  the  office  of  junior 
editor,  was  one  of  our  charter  members.  He  served  as  secretary 
of  this  Association  from  June,  1884,  to  June,  1887;  was  treasurer 
from  June,  1887,  to  June,  1889;  and  was  junior  editor  from  June, 
1889,  to  June,  1891.  When  this  Association  was  organized,  and 
for  a  number  of  years  following,  he  was  water  registrar  of  the 
city  of  Newton.  I  look  back  to  many  pleasant  days  spent  with 
him  in  that  city  when  we  were  considering  the  affairs  of  this 
organization.  No  member  has  the  welfare  of  this  Association 
more  at  heart  than  has  he  from  the  date  of  our  organization  up 
to  the  present  time.  He  did  an  immense  amount  of  work  in  our 
behalf.  It  was  he  who  first  suggested  the  plan  of  the  quarterly 
Journal,  as  it  is  now  published,  and  its  instant  success  was  largly 
due  to  his  intelligent  business  methods. 

Walter  H.  Richards,  of  New  London,  who  now  became  junior 
editor,  had  previously  filled  the  same  office  for  the  year  ending 
June,  1889.  Previous  to  that  time  he  "had  served  as  vice- 
president  for  the  year  ending  June,  1885,  also  was  a  member 
of  the  Executive  Committee  from  June,  1885,  to  June,  1888. 
I  met  him  for  the  first  time  at  the  Worcester  convention 
in  1883.  At  that  time  he  took  great  interest  in  William 
B.  Sherman's  scheme  for  the  exchange  of  sketches,  and  did  all 
any  one  could  do  in  helping  promote  that  idea.  I  used  to  fre- 
ciuently  meet  him  in  connection  with  our  affairs,  and  those  meet- 
ings were  delightfully  pleasant  and  enjoyable.  He  was  a  hard 
and  conscientious  worker,  and  no  duty  assigned  to  him  was  ever 
neglected. 

We  now  come  to  the  administration  of  Horace  G.  Holden,  our 
tenth  president.  As  he  appears  to  be  pretty  lively  and  healthy 
at  the  present  time,  it  would  be  shocking  to  attempt  any  state- 
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ment  having  the  tinge  of  an  obituary  notice  about  it.  He  is  a 
familiar  figure  at  our  gatherings.  You  all  know  him  well.  His 
virtues  are  many,  his  faults  few,  his  generosity  unlimited,  his 
good  nature  unbounded.  You  can't  help  liking  him,  for  he  com- 
pels every  one  he  meets  to  do  so.  He  was  a  member  of  the  ''  old 
guard  "  which  organized  this  Association  on  June  21,  1882,  and 
he  has  continued  to  take  an  unabated  interest  in  our  affairs.  He 
has  always  been  a  conscientious  worker,  and  has  done  his  share, 
and  done  it  well.  He  has  an  innate  love  for  the  humorous  and 
ridiculous.  Nothing  pleases  him  better  than  to  be  a  participant 
in  a  good-natured  joke.  At  one  of  the  winter  meetings  at  Young's 
during  his  administration  a  member  was  describing  his  method 
of  laying  a  line  of  pipe.  In  commenting  upon  some  of  the  details 
he  illustrated  the  relative  position  of  two  objects  by  placing  two 
silver  forks  upon  the  table.  Instantly  seeing  the  opportunity 
for  a  Uttle  fun,  Holden  put  forth  a  series  of  very  tactful  inquiries, 
which  soon  resulted  in  the  building  of  a  wonderful  model  upon 
that  table.  It  was  necessary,  of  course,  to  give  full  play  to  the 
imagination  to  understand  the  details  of  this  model.  The  fruit 
basket  represented  the  reservoir,  the  main  pipe  was  illustrated  by 
knives  and  forks,  stop  gates  by  individual  butter  dishes,  the  stand- 
pipe  by  a  banana,  and  hydrants  by  salt  cellars.  It  was  about 
as  wonderful  as  the  famous  model  of  the  Salt  Lick  Branch  of 
the  Pacific  Railroad  made  by  Col.  Beriah  Sellers. 

On  the  29th  of  the  following  September,  an  excursion  was  made 
to  Salem,  Mass.  Here  the  party  was  met  by  representatives  of 
the  Standard  Thermometer  Company.  The  party  was  trans- 
ferred'by  horse  cars  to  the  standpipe  of  the  Peabody  Water  Works, 
where  the  working  end  of  the  electric  indicator  made  by  the  Stand- 
ard Thermometer  Company  was  exhibited  and  explained,  after 
which  a  trip  was  made  to  the  Town  Hall,  where  the  dial  end  of 
the  same  indicator  was  examined.  The  factory  of  the  Standard 
Thermometer  Company  was  next  visited,  after  which  the  j)arty 
returned  to  Salem,  and  continued  by  train  and  ferry  to  the 
Corinthian  Yacht  Club  House  at  Marblehead.  Here  they  i)ar- 
ticipated  in  an  excellent  dinner,  after  which  a  direct  return  was 
made  to  Boston. 

On  December  9  the  usual  series  of  four  monthly  meetings   was 
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commenced  at  Yomig's  Hotel.  At  this  meeting  Mr.  Frederic 
P.  Stearns,  then  chief  engineer  of  the  Massachusetts  State  Board 
of  Health,  presented  a  valuable  paper  entitled,  "The  Selection  of 
Sources  of  Water  Supply." 

At  this  same  meeting  a  committee  was  appointed  to  convey  the 
sympathy  of  this  Association  to  William  M.  Hawes,  of  Fall  River, 
who  had  then  been  the  victim  of  a  prolonged  illness.  This 
resulted  in  presenting  him  on  Christmas  Day  with  a  silver  pitcher 
and  goblet  properly  inscribed. 

At  the  January  meeting  Mr.  Reuben  Shirreffs,  then  second 
assistant  engineer  of  the  East  Jersey  Water  Company,  gave  an 
elaborate  talk,  illustrated  with  lantern  views,  upon  "  The  New 
Water  Supply  of  Newark,  N.  J.,  with  Special  Reference  to  the 
Riveted  Steel  Pipe  Conduit." 

The  February  and  March  meetings  were  devoted  to  the 
presentation  and  discussion  of  a  number  of  brief  "  experience  " 
papers. 

The  eleventh  annual  convention  was  held  at  Hotel  Hamilton, 
Holyoke,  Mass.,  on  June  8,  9,  and  10,  1892.  In  his  annual  address 
President  Holden  suggested  a  change  of  time  for  holding  the 
annual  meetings.  He  also  renewed  the  suggestion  of  President 
Noyes,  made  the  previous  year,  in  regard  to  permanent  head- 
quarters, and  hoped  "  that  the  time  was  not  far  distant  when 
we  can  afford  to  have  good  quarters,  centrall}^  located." 

Prominent  among  the  papers  presented  at  this  convention  were 
the  following:  "  Fire  Protection,"  by  George  A.  EUis;  "  The 
Arrangement  of  Hydrants  and  Water  Pipes  for  the  Protection 
of  a  City  against  Fire,"  by  John  R.  Freeman;  "  The  Venturi 
Water  Meter,"  by  R.  A.  Robertson,  Jr.;  "  The  Purification  of 
Drinking  Water  by  Sand  Filtration,"  by  Prof.  Wilham  T.  Sedg- 
wick; "  The  Effect  of  Aeration  of  Water  and  Sewage,"  by  Prof. 
Thomas  M.  Drown;  "  The  Franklin,  N.  H.,  Water  Works,"  by 
F.  L.  Fuller.  Besides  the  above  there  were  a  numl^er  of  excellent 
experience  papers  and  discussions. 

The  Committee  on  Badges  rendered  their  report,  and  the  result 
was  the  adoption  of  the  badge  with  which  you  are  now  all  familiar. 

We  were  treated  with  great  hospitality  by  our  Holyoke  friends, 
■and  were  shown  the  important  features  of  their  city.     One  after- 
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noon  we  were  treated  to  an  excellent  organ  recital,  and  on  the 
last  day  we  were  carried  to  Mt.  Holyoke,  at  the  summit  of  which 
we  were  served  with  an  excellent  lunch  while  enjoying  the  magni- 
ficent ^dew.  The  Holyoke  convention  was  certainly  a  most 
enjoyable  outing. 

At  the  close  of  this  convention  George  F.  Chace,  then  superin- 
tendent at  Taunton,  Mass.,  became  president.  The  editors,  sec- 
retary, and  treasurer  of  the  previous  year  were  reelected. 

George  F.  Chace  is  another  ex-president  who  is  very  much 
alive  at  the  present  time.  He  is  a  familiar  figure  at  our  various 
gatherings,  and  is  known  to  you  all  as  possessing  literary  ability 
of  no  ordinary  character.  He  has  presented  us  with  many  inter- 
esting papers  for  our  discussion  and  entertainment.  He  was  an 
excellent  president  and  gave  a  very  successful  administration. 

The  fall  excursion  took  place  at  Middleboro,  Mass.,  on  Septem- 
ber 14.  The  generous  hospitahty  displa5^ed  made  it  one  of  the 
most  delightful  outings  in  our  history.  A  very  pretty  and 
pleasing  surprise  was  a  short  reception  at  the  Town  Hall,  when 
a  delegation  of  ladies,  under  the  leadership  of  Mrs.  J.  E.  Beals, 
decorated  each  member  with  a  boutonniere.  Then  a  lunch 
followed.  Later  in  the  day,  after  visiting  various  points  of 
interest,  we  had  a  shore  dinner  at  Lake  Assawompsett.  The 
entire  program  was  carried  out  by  the  entertainers  with  a  life 
and  vim  which  many  a  more  pretentious  affair  has  lacked.  All 
the  visitors  were  enthusiastic  in  regard  to  their  reception. 
.  Commencing  with  December  14,  the  usual  four  winter  meetings 
were  held.  They  were  almost  entirely  devoted  to  short  experi- 
ence -papers  and  discussions  of  the  same.  At  the  December 
meeting,  W.  H.  Richards,  of  New  London,  gave  lantern  views, 
with  description  of  features  connected  with  his  new  "  high  serv- 
ice "  system.  At  this  same  meeting,  both  Desmond  FitzGerald 
and  Dexter  Brackett  gave  interesting  descriptions  of  work  under 
their  charge,  illustrated  l)y  lantern  slides.  We  now  begin  to 
hear  something  regarding  electrolysis  of  water  pipes;  C.  H. 
Morse,  of  Cambridge,  giving  us  an  address  upon  the  subject  at 
the  January  meetiirg. 

At  the  February  meeting  Freeman  C.  Coffin  presented  a  paper 
upon  "  Standpipes,  "   which   was  followed   by   Mr.    A.   Prescott 
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Folwell,  who  gave  a  description  of  a  novel  standpipe  erected  at 
Atlantic  Highlands,  N.  J.  At  the  March  meeting  Mr.  L.  M. 
Hastings  presented  a  paper  entitled,  ''Description  of  a  Method 
of  Estimating  the  Loss  of  Water  Power  in  a  Stream  by  Taking 
Water  therefrom  for  a  City  Supply."  Interspersed  among  the 
papers  above  named  were  introduced  a  large  number  of  brief 
experience  papers  and  topical  discussions. 

The  twelth  annual  convention  occurred  at  Worcester,  Mass., 
on  June  14,  15,  and  16,  1893.  The  Bay  State  House,  where 
arrangements  had  been  made  for  our  accommodations,  having 
been  damaged  by  fire  a  few  days  previous  to  the  date  of  our 
meeting,  our  headquarters  were  transferred  to  the  Waldo  House. 
Although  our  quarters  were  somewhat  cramped,  yet  we  were 
dehghtfully  entertained.  The  most  important  papers  include 
the  following:  "  The  Placing  of  a  Large  Steel  Submerged  Pipe 
in  Skaneateles  Lake  for  the  Syracuse  Water  Works,"  by  William 
R.  Hill;  "  The  Works  of  the  East  Jersey  Water  Company  for  the 
Supply  of  Newark,  N.  J.,"  by  Clemens  Herschel;  ''  Purification 
of  Water  by  Freezing,"  by  Prof.  T.  M.  Drown;  ''  Water  Pipe 
Trenches  vs.  Good  Roads,"  by  W.  E.  McChntock;  "  Recent 
Practice  in  Pumping  Machinery,"  by  F.  W.  Dean; "  Is  the  Game 
Worth  the  Candle?  "  a  paper  relating  to  meters,  hj  John  Thomson; 
"  An  Illustrated  Description  of  the  Hydraulic  Laboratory  of  the 
Massachusetts  Institute  of  Technology,"  by  Prof.  Dwight  Porter, 
There  were  also  a  number  of  topical  discussions,  prominent  among 
which  was  one  on  "  Details  of  Pipe  Castings  and  Coating." 

The  entertainment  feature  at  this  convention  was  elaborate. 
We  were  driven  to  various  points  of  interest.  We  witnessed  the 
trial  of  a  number  of  large  fire  streams.  We  were  carried  to  Lake 
Qiiinsigamond,  and  to  indicate  how  dehghtfully  accommodating 
they  were,  they  stopped  the  train  on  the  passage  there  to  allow 
Joseph  E.  Beals  to  recover  his  hat  which  had  blown  off.  At  the 
lake  we  were  entertained  in  various  ways.  Those  of  us  who  saw 
Nathan  B.  Bickford  sit  for  a  photo  of  himself  which  he  presented 
Charles  K.  Walker  will  not  be  likely  to  soon  forget  that  event. 
The  dinner  and  speech-making  which  followed  were  dehghtful, 
and  we  returned  home  well  pleased.  At  the  close  of  the  conven- 
tion   George    E.    Batchelder,    of   Worcester,    became   president. 
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The  editors,  secretary,  and  treasurer  of  the  previous  year  were 
reelected. 

George  E,  Batchelder  had  a  most  attractive  personality.  He 
made  strong  friends  of  those  associated  with  him.  He  seldom 
missed  a  meeting,  and  although  he  was  naturally  very  quiet  in 
his  manner,  he  was  not  a  passive  member  by  any  means.  His 
wise  counsel  and  sound  advice  were  always  acceptable  and 
respected.  He  made  an  admirable  president,  and  at  the  close 
of  his  administration  he  was  elected  treasurer,  succeeding  Hiram 
Nevons  who  had  then  recently  died.  This  position  he  continued 
to  acceptably  fill  up  to  the  date  of  his  own  death,  which  occurred 
in  1899. 

The  fall  excursion  of  1893  was  held  at  Plymouth,  Mass.  It 
consisted  of  a  visit  to  the  points  of  historical  interest,  also 
a  visit  to  the  pumping  station  of  the  Plymouth  Water  Works, 
followed  by  a  dinner  at  Hotel  Pilgrim.  The  day  was  clear  and 
bright.  The  program  was  smoothly  executed,  and  every  one  had 
a  dehghtful  outing. 

During  the  following  winter  months  there  occurred  the  four 
usual  meetings.  That  of  January  was  held  at  the  Parker  House, 
all  the  others  at  Young's  Hotel. .  Prominent  on  the  program 
appear  the  following: ''  Covered  Reservoir  at  Brookline,"  hj  F.  F. 
Forbes;  "  Water  Supply  at  Waltham,''  by  George  E.  Winslow; 
''  Basin  and  Well  Covering  of  the  Waltham  Water  Works,"  by  F.  P. 
Johnson;  "  The  Construction  of  Reservoir  Embankments,"  by 
Jjucian  A.  Taylor;  "  The  Bursting  of  the  Portland  Reservoir," 
by  John  R.  Freeman;  "  The  Filter  at  the  Wannacomet  Water 
Works,  Nantucket,  Mass.,"  by  William  F.  Codd;  "  The  Fair- 
haven  Standpipe,"  by  Joseph  K.  Nye;  "  The  Electrical  Purifica- 
tion of  Water,"  by  Prof.  T.  M.  Drown.  Intermingled  with  the 
above  were  a  number  of  valuable  experience  papers  and  topical 
discussions. 

The  thirteenth  annual  convention  occurred  at  the  United 
States  Hotel,  Boston,  Mass.,  on  June  14,  15,  and  16,  1894.  The 
address  of  welcome  given  by  Hon.  Nathan  Matthews,  Jr.,  then 
mayor  of  Boston,  is  'worthy  of  more  than  a  passing  notice.  It 
was  a  thoughtful  presentation  of  the  financial  side  of  a  water- 
w^orks  supply,  with  suggestions  as  to  how  the  existing  conditions 
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might  be  improved.  Several  of  the  daily  papers  commented 
editorially  upon  it,  and  during  the  convention  a  committee  was 
appointed  to  take  the  matter  of  this  address  under  consideration 
and  to  report  at  a  future  convention. 

The  important  papers  presented  at  this  convention  were. "Lay- 
ing a  Sixteen-Inch  Main  across  a  Rocky  Mill  Stream  and  over  a 
Dam,"  by  George  F.  Chace;  "  The  Water  Service  and  Fire  Protec- 
tion of  Theaters,"  by  Wilham  Paul  Gerhard;  "  Remarks  Concern- 
ing a  Recent  Paper  on  the  Flow  of  Water  in  a  Compound  Pipe," 
by  George  A.  ElHs;  "  Electrolysis  of  Water  Pipes,"  by  C.  A.  Stone 
and  Howard  C.  Forbes;  "  The  Care  of  a  Water  Meter,"  by  J.  C. 
Whitney; "  Experiments  with  Tube  Wells  at  Lowell,"  by  George 
Bowers;  "  The  Lawrence  Filter  and  Its  Results,"  by  Hiram  F. 
Mills;  "What  a  Water  Supply  Engineer  can  do  in  the  Fire  Depart- 
ment," by  James  E.  Taylor,  of  Detroit;  "  A  Few  Examples  of 
High-Grade  Pumping  Engines,"  illustrated  by  stereopticon  views, 
by  E.  D.  Leavitt. 

The  excursion  made  during  this  convention  was  more  largely 
attended  than  usual.  On  Friday  a  party  of  over  two  hundred 
were  taken  to  Echo  Bridge,  the  Newton,  Brookline,  and  Chestnut 
Hill  pumping  stations.  On  Saturday  a  still  larger  party  spent 
the  day  in  a  delightful  sail  around  Boston  Harbor,  stopping  at 
the  Sewage  Pumping  Works  and  at  Fort  Warren. 

This  was  a  highly  successful  convention  from  every  point  of 
view.  At  its  close  George  A.  Stacy,  of  Marlborough,  became 
president.  George  E.  Batchelder  was  elected  treasurer,  and  the 
editors  and  secretary  of  the  previous  year  were  continued  in 
office. 

George  A.  Stacy,  the  thirteenth  president  of  this  Association, 
joined  our  ranks  in  April,  1885.  He  has  always  been  deservedly 
popular.  He  early  attained  prominence  in  our  affairs  by  reason 
of  his  remarkably  intelligent  discussion  of  the  various  problems 
brought  before  us.  He  has  always  been  willing  to  do  all  he  could 
to  contril)ute  to  the  success  of  our  gatherings.  He  infused  into 
his  presidential  work  the  same  indomitable  energy  and  push  which 
has  always  been  characteristic  of  the  man.  In  consequence,  he 
gave  us  a  highly  successful  administration. 

On  the  following  September  22d,  an  excursion  was  made  to  the 
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Crawford  House,  White  Mountain  Notch,  and  a  most  dehghtful 
Sunday  was  passed  at  this  spot.  Some  of  the  party  ascended 
Mt.  Washington,  others  took  in  the  beautiful  view  from  Mt. 
Willard.  My  memory  at  this  time  goes  back  as  one  of  about  thirty- 
five  who  visited  the  historic  ''  Willey  "  House,  in  an  attempt  to 
find  some  of  the  rehcs  of  the  memorable  land  slide.  Visitors 
were  allowed  to  enter  the  house.  There  was  an  entire  absence 
of  such  historical  rehcs  as  might  have  been  provided  to  appeal 
to  the  imagination.  One  could  not  imagine  a  more  bare,  dirty, 
and  unattractive  interior.  To  some  of  the  party  who  had  been 
expecting  much  it  was  positively  repelling.  They  wanted  to 
get  out  as  quickly  as  possible.  This  they  attempted  to  do,  but 
when  the  door  was  reached,  lo,  the  doorkeeper  blandly  held  out 
his  hand  saying,  "  Twenty-five  cents,  please,"  although  nothing 
had  been  said  regarding  this  fee  when  you  entered.  Some  years 
previous,  I  had  been  a  victim  to  this  extortion,  and  it  struck 
me  so  humorously  that  I  was  wilhng  to  sacrifice  fifty  cents  to 
witness  the  effect  upon  my  wife,  who  was  then  visiting  the  spot 
for  the  first  time.  So  we  entered  the  house.  I  had  not  dreamed 
that  the  remaining  thirty-three  would  follow,  but  they  did. 
There  was  absolutely  nothing  to 'see  except  an  old  piece  of  dirty 
straw  matting.  My  wife  asked  to  see  the  Bible  and  candlestick, 
w^hich  were  relics  of  the  landshde  days.  They  could  not  be 
produced.  A  more  disgusted  lot  of  pilgrims  you  never  saw. 
But  as  we  filed  out  the  door  in  exit,  and  each  one  contributed  a 
quarter  into  the  upturned  palm  of  the  keeper,  a  smile,  yea,  even 
more,  spread  over  each  countenance.  You  should  have  seen 
Ge6rge  Stacy  as  I  saw  him.  He  shook  his  head,  slapped  his  arm, 
burst  into  a  loud  laugh,  and  declared  it  was  the  best  sell  he  had 
ever  seen  and  he  would  not  have  missed  it  for  the  cost  of  several 
quarters.  Some  one  remarked  that  if  this  sort  of  thing  had  been 
going  on  for  many  years  that  "  Little  Willie's  grave  ought  to  be 
covered  with  a  mountain  of  quarters."  Subsequently,  William 
B.  Sherman,  who  was  one  of  the  party,  made  a  caricature  of  the 
event,  a  blue-print  copy  of  which  he  sent  to  each  of  the  party. 
I  herewith  supply  a  copy  of  that  blue  print. 
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The  following  is  a  list  of  names  which  do  not  now  appear  upon 
our  membership  list,  who  served  this  Association  in  some  official 
capacity  previous  to  1895. 


Henry  W.  Ayres, 
Benjamin  S.  Babcock, 
George  E.  Batchelder, 
William  R.  BilHngs, 
J.  C.  Broatch, 
J.  Stewart  Bruwn, 
John  L.  Congdon, 
S.  S.  Coohdge, 
J.  Warren  Cotton. 
Edwin  DarHng, 
Charles  R.  Dyer, 
George  A.  Ellis, 
Sherman  E.  Granniss, 
Walter  H.  Harding, 


John  L.  Harrington, 
John  C.  Haskell, 
James  H.  Hathaway, 
William  M.  Hawes, 
Nathaniel  I.  Jordan, 
.Joseph  L.  Kenney, 
James  W.  Lyon, 
Alfred  H.  Martine, 
WilHs  E.  McAllister, 
Alvoid  0.  Miles, 
Charles  W.  Morse, 
Hiram  Nevons, 
Albert  F.  Noyes, 
F.  H.  Parker, 
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Henry  W.  Rogers,  Phirieas  Sprague, 

A.  H,  Salisbury,  Joseph  G.  Tenney, 

Frederick  W.  Sawyer,  Herbert  F.  Whittier. 
Henry  L.  Schlciter, 

Scarcely  more  than  a  third  of  the  above  list  are  now  living. 

By  turning  back  to  our  records  you  will  note  that  a  group  of 
twenty -seven  organized  this  Association  on  June  21,  1882.  Sev- 
enteen of  those  charter  members  have  served  the  Association  in 
one  or  more  official  capacities.  To-day  only  six  of  that  seventeen 
remain  active  in  our  ranks,  i.  e.,  Thomas  C.  Lovell,  Frank  E.  Hall, 
Horace  G.  Holden,  Albert  S.  Glover,  Charles  K.  Walker,  R.  C.  P. 
Coggeshall. 

I  will  here  draw  this  series  of  reminiscences  to  a  close.  A 
few  months  later  circumstances  compelled  me  to  present  my 
resignation,  and  my  official  connection  with  the  Association,  as 
your  secretary,  came  to  an  end  on  January  9,  1895. 

Since  this  date  the  following  have  served  as  your  presidents: 
1895-96,  Desmond  FitzGerald  of  Brookline,  Mass. 
1896-97,  John  C.  Haskell  of  Lynn,  Mass. 
1897-98,  Willard  Kent  of  Narragansett  Pier,  R.  I. 
1898-99,  Fayette  F.  Forbes  of  Brookhne,  Mass. 
1899-1900,  Byron  I.  Cook  of  Woonsocket,  R.  I. 

1901,  Frank  H.  Crandall  of  Burlington,  Vt. 

1902,  Frank  E.  Merrill  of  Somerville,  Mass. 

1903,  Charles  K.  Walker  of  Manchester,  N.  H. 
-1904,  Edwin  C.  Brooks  of  Cambridge,  Mass. 

With  the  exception  of  Mr.  Merrill  all  those  named  above  were 
members  during  my  secretaryship. 

This  paper  would  not  be  complete  without  a  testimony  of 
appreciation  of  the  admirable  work  which  has  been  accomplished 
by  that  eminent  engineer,  Desmond  FitzGerald.  He  joined  this 
Association  in  1885.  He  has  until  lately  been  a  frequent 
attendant  at  our  gatherings.  His  sound  discussions  and  valuable 
counsels  were  always  a  source  of  profit  and  inspiration.  We 
all  regretted  that  ill-health  compelled  him,  a  year  or  two  ago, 
to  sever  his  connection  with  those  activities  which   have   been 
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his  life  work,  and  are  glad  to  learn  that  his  health  is  now  hxWy 
restored. 

With  the  exception  of  John  C.  Haskell,  all  those  named  above 
are  still  good  active  members  of  this  Association. 

You  are  all  familiar  with  the  appearance  of  the  dignified, 
smooth-faced  gentleman  who  always  sits  in  front  of  our  presiding 
officer,  quietly  taking  shorthand  notes  of  wliat  is  said,  but  I 
take  it  that  there  are  only  a  very  few  among  us  who  really  appre- 
ciate his  value  as  a  servant  of  this  Association.  He  is  certainly 
worthy  of  your  highest  praise.  He  has  given  you  a  continuous 
service  from  the  time  of  the  New  Bedford  convention,  in  1886,  up 
to  the  present  time,  and  he  is  indeed  an  old  friend.  To  the  intelli- 
gent and  well-ordered  mind  of  James  P.  Bacon  should  be  given  a 
large  proportion  of  credit  due  for  the  extremely  satisfactory 
reports  of  our  meetings  which  appear  in  the  pages  of  our  Journal. 

It  was  always  a  pleasure  to  meet  our  honorary  members, —  Mr. 
Frost  of  the  Engineering  News,  Mr.  Meyer  of  the  Engineer- 
ing Record,  and  Mr.  Shepperd  of  Fire  and  Water.  These 
gentlemen  rendered  us  many  kind  services,  and  ahvays  showed 
a  disposition  to  do  what  they  couhl  in  the  direction  of  en- 
hancing our  prosperity.  The  same  is  true  of  our  associate 
membership.  There  are  many  in  their  ranks  who  have  an  interest 
beyond  the  bounds  of  trade.  More  than  one  excellent  paper  and 
many  intelligent  comments  and  discussions  have  been  contriljuted 
from  this  class  of  membership. 

But  I  am  here  reminded  that  I  have  failed  to  mention  a  large 
number  of  deserving  names,  all  of  whom  have  been  important 
factors  in  our  affairs  during  the  period  which  I  have  attempted 
to  cover.  There  is  no  question  regarding  the  credit  due  all  such, 
but  to  include  all  of  them  would  be  to  further  extend  this  paper 
which  has  already  reached  beyond  a  reasonable  limit. 

One  might  judge  from  the  tone  of  this  paper  that  the  Associa- 
tion has  had  an  unusually  serene  and  peaceful  existence,  and  that 
dissensions  apt  to  be  found  in  such  bodies  have  found  no  lodgment 
here.  In  a  way  this  is  true.  We  have  been  remarkably  free 
from  the  effects  of  strife  and  animosity.  But  there  have  been 
times  when  the  membership  has  been  divided  upon  questions 
which  caused  more  or  less  feeling.     This  state  of  things,  however, 
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never  continued  long.  A  way  always  appeared  to  quickly  smooth 
the  troubled  waters.  I  remember  several  years  since,  how  that 
great  engineer  and  no  less  great  man,  Alphonse  Fteley,  rendered 
this  Association  a  valuable  service  by  acting  as  arbitrator  over 
a  question  upon  which  there  was  a  disagreement  among  prominent 
members.  His  decision  was  gracefully  given,  loyally  accepted 
by  both  parties,  and  all  differences  quickly  healed  and  forgotten. 

We  have  now  entered  upon  the  twenty-second  year  of  our  life. 
Nearly  ten  years  have  passed  since  I  ceased  to  be  prominent  in 
your  activities.  You  did  me  the  honor  at  that  time  to  say  many 
pleasant  things  concerning  the  result  of  my  work.  Let  me  now 
call  your  attention  to  the  fact  that  the  Association  has  since  con- 
tinued to  prosper  in  all  good  ways.  While  you  have  been  blessed 
with  leadership  equally  as  good  if  not  superior  to  that  which  you 
had  in  the  past,  yet  I  firmly  believe  that  a  large  share  of  our 
present  prosperity  is  due  to  our  loyal  membership.  Their  aim  is 
high  and  they  do  not  fall  short  of  the  target.  The  one  grand  ob- 
ject of  this  Association  is  to  seek  the  truth,  first,  last,  and  always, 
never  minding  where  it  may  be  found  and  whose  personal  advan- 
tage is  thereby  destroyed.  Upon  such  a  foundation  the  pioneers 
of  this  Association  began  to  jrear  the  superstructure  of  our 
temple.  Thus  far  we  have  builded  well,  and  there  has  been  little 
time  when  our  voyage  has  been  upon  other  than  a  calm  and 
placid  sea. 

I  congratulate  you  upon  the  past,  and  predict  that,  like  the  well- 
nourished  youth  who  outgrows  his  boyhood  days,  and  develops 
as  he  enters  the  ranks  of  a  sturdy  manhood,  so  will  this  body 
continue  to  enlarge  its  sphere  of  activities  as  the  years  go  by, 
thus  enabHng  it  to  more  satisfactorily  cope  with  any  projjlom  in 
which  we  are  all  mutually  interested. 
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PROCEEDINGS. 
June  Excursion. 

Wednesday,  Juno  22,  1904. 

The  June  outing  of  the  Association  was  devoted  to  a  trip  l:)y 
steamboat  King  Philip  down  Boston  Harljor,  around  the 
wreck  of  the  steamship  Kiowa,  to  Hull,  where,  by  courtesy  of 
Mr.  L.  S.  Doten,  the  engineer,  the  i)arty  was  permitted  to  inspect 
the  concrete-steel  standpipe  recently  built  for  the  fort;  and  to 
Nantasket  Point,  where  dinner  was  served  at  the  Nantasket  Point 
Hotel.  Electric  cars  fvirnished  by  the  Old  Colony  Street  Railway 
Company  were  then  taken,  and  the  party  rode  to  Quincy  Point, 
where  the  new  power  station  of  the  company,  in  which  five  steam 
turbines  will  be  installed,  is  being  fitted  up.  After  an  examina- 
tion of  the  station;  the  party  again  boarded  the  Kimj  PJrili]) 
and  returned  to  Boston. 

The  attendance  was  as  follows: 

Members. 
S.  A.  Agnew,  C.  H.  Baldwin,  L.  M.  Bancroft,  E.  C.  Brooks,  Fred.  Brook.s 
G.  A.  P.  Bucknam,  James  Burnie,  G.  F.  Chace,  M.  F.  Collins,  W.  R.  Conard, 
G.  E.  Crowell,  E.  R.  Dyer,  E.  H.  Foster,  F.  L.  Fuller,  H.  F.  Gibbs,  J.  C.  Gil- 
bert, T.  C.  Gleason,  A.  S.  Glover,  R.  A.  Hale,  J.  O.  Hall,  J.  C.  Hammond,  Jr., 
G.  H.  Hart,  V.  C.  Hastings,  T.  G.  Hazard,  Jr.,  D.  A.  Heffernan,  H.  G.  Hoiden, 
J.  L.  Howard,  E.  W.  Kent,  Willard  Kent,  William  A.  Kilboiirn,  G.  A.  King, 
C.  F.  Knowlton,  H.  V.  Macksey,  D.  A.  Makepeace,  W.  E.  Maybury,  F.  L. 
Northrop,  H.  E.  Perry,  G.  W.  Ricker,  W.  W.  Robertson,-  G.  A.  Sanborn, 

E.  ]\I.  Shedd,  C.  W.  Sherman,  G.  H.  Snell,  G.  A.  Stacy,  J.  T.  Stevens,  J.  J. 
Sullivan,  W.  F.  Sullivan,  H.  L.  Thomas,  W.  H.  Thomas,  J.  L.  Tighe,  G.  W. 
Travis,  C.  K.  Walker,  G.  E.  Winslow.  —  53. 

Associates. 
Ashton  Valve  Co.,  by  C.  W.  Houghton;  Chapman  Valve  Mfg.  Co.,  by  Edward 

F.  Hughes;  Coffin  Valve  Co.,  by  H.  I..  Weston;  Fred  C.  Gifford;  Greenwood  & 
Daggett  Co.,  by  G.  F.  Chace;  Hart  Packing  Co.,  by  Horace  Hart;  Hersey  Mfg. 
Co.,  by  Alljert  S.  Glover  and  H.  D.  Winton;  Fred  A.  Houdlette  &  Son,  by 
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Fred  A.  Houdlettc;  Jenkins  Bros.,  by  Ernest  Schmeliat;  Lead  Lined  Iron 
Pipe  Co.,  by  Thomas  E.  Dwyer;  Ludlow  Valve  Mfg.  Co.,  by  H.  F.  Gould; 
Mueller  Mfg.  Co.,  by  H.  L.  Dickel;  National  Meter  Co.,  by  Charles  H.  Baldwin 
and  J.  G.  liufkin;  Neptune  Meter  Co.,  by  W.  H.  Van  Winkle;  Norwood  Engi- 
neering Co.,  by  H.  W.  Ho.sford;  Perrin,  Seamans  &  Co.,  by  J.  C.  Campbell; 
Rensselaer  Mfg.  Co.,  by  F.  S.  Bates  and  Charles  L.  Brown;  Ross  Valve  Co., 
by  William  Ross;  A.  P.  Smith  Mfg.  Co.,  by  D.  F.  O'Brien  and  F.  W.  Whit- 
comb;  Sumner  &  Goodwin  Co.,  by  H.  A.  Gorham;  Sweet  &  Doyle,  b)'  H.  L. 
DeWolfe;  Thomson  Meter  Co.,  byS.  D.  Higley;  Union  Water  Meter  Co.,  by 
F.  L.  Northrop;  R.  D.  Wood  &  Co.,  by  William  F.  Woodburn.  —  28. 

Guests. 

S.  M.  Spencer,  E.  A.  Winchester,  D.  L.  Millikin,  Maiden,  Mass.;  Mrs. 
Edwin  C.  Brooks,  Cambridge,  Mass.;  Raymond  Kent,  East  Cambridge,  Mass.; 
Mrs.  E.  W.  Kent,  Woonsocket,  R.  I.;  Mrs.  C.  W.  Houghton,  F.  W.  Smith, 
M.  C.  Smith,  Miss  Helen  Willson,  W.  G.  Ruggles,  Mrs.  Horace  Hart,  Boston, 
Mass.;  Frank  L.  Weaver,  Member  Water  Board,  Charles  Iv.  Varnum,  James 
Whittet,  Mrs.  C.  S.  Proctor,  Lowell,  Mass.;  Mrs.  H.  G.  Holden,  Mr.  and  Mrs. 
N.  R.  Lougee,  Miss  Gertrude ;Lougee,  Wilder  M.  Gates,  W.  H.  Greenleaf, 
Nashua,  N.  H.;  O.  P.  Richardson,  Major  E.  R.  Horton,  Attleboro,  Mass.; 
H.  D.  Parsons,  F.  H.  Dewey,  C.  N.  Oakes,  Westfield,  Mass.;  Mrs.  G.  E.  Wins- 
low,  Waltham,  Mass.;  J.  F.  Glea.son,  Mrs.  J.  F.  Gleason,  Quincy,  Mass.;  Mrs. 
W.  E.  Maybury,  Braintree,  Mass.;  Mrs.  M.  E.  Phillips,  Weymouth,  Mass.; 
John  Kelley,  Claim  Agent  Old  Colony  Street  Railroad,  Braintree,  Mass. ;  Henry 
A.  Desper,  Woi'cester,  Mass.;  M.  L.  Felet,  L.  P.  Stone,  Natick,  Mass.; 
Thomas  Burke,  Mrs.  George  A.  Stacy,  Marlboro,  Mass.;  Mrs.  D.  A.  Heffernan, 
Milton.  Mass.;  Mr.  MeCallum,  Whitman,  Mass.;  W.  H.  Patterson,  Provi- 
dence,- R.  I.;  Mrs.  William  A.  Kilburn,  South  Lancaster,  Mass.;  Charles 
E.  Childs,  Somerville,  Mass.;  George  W.  Fi.ske,  Manager,  Fall  River  Street 
&  Gas  Pipe  Company,  Fall  River,  Mass.  —  44. 

(Niimc'S  counted  twice.  —  4.) 

No  ])usiness  meetino;  of  the  Association  was  held. 


EXECUTIVE    COMMITTEE. 

May  19,  1904. 

Present:    President    Edwin    C.  Brooks  and  Messrs.  Frank  E. 

Merrill,  iMlinuiid  W.  Kent,  Horace  G.  Holden,  George  E.  Crowell, 

Lewis  M.  Jiancroft;  Joseph  E.  Beals,  Charles  W.  Sherman,  George 

A.  Stacy,  Robert  J.  Thomas,  and  Willard  Kent. 

Also  present:  Messrs.  Michael  F.  Collins,  of  the  (Jommittee  on 
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Aiiniuil  Convention,  and  William  E.  Maybury,  of  the  Coniniiitee 
on  June  Excursion. 

A  letter  from-  R.  1).  Wood  &  Co.  in  relation  to  uniformity  of 
hose  threads  was  read,  and  on  motion  of  Mr.  Thomas,  seconded 
by  Mr.  Bancroft,  the  President  was  authorized  to  appoint  a  com- 
mittee of  three  to  consider  the  subject  and  report  to  the  Associa- 
tion. 

Mr.  Maybury  of  the  Committee  on  June  Excursion  reported 
that  the  Steamboat  King  PJiilip  could  be  chartered  for  the 
day  for  two  hundred  dollars  ($200)  and  that  dinner  could  be 
secured  at  the  Nantasket  Point  Hotel  at  seventy-five  (75)  cents 
per  plate.     Whereupon  it  was  — 

Voted  :  That  the  date  of  the  excursion  be  fixed  at  June  22,  and 
that  the  steamboat  King  Philip  be  chartered,  and  arrangements 
made  with  the  Nantasket  Point  Hotel  for  dinner  on  that  date. 

Voted :  That  Mr.  Frank  E.  Merrill  be  added  to  the  Committee 
on  June  Excursion. 

Voted  :  That  Mr.  Frank  E.  Merrill  be  appointed  Transportation 
Agent  to  make  necessary  arrangements  with  the  railroads  for 
reduced  fares  on  the  occasion  of  the  Annual  Convention  in 
September  next,  to  be  held  at  Holyoke,  Mass. 

Two  applications  for  membership  were  received  and  approA'ed. 

Adjourned. 

Attest : 

WILLARD    KENT,  Secretary. 

On  Board  Steamboat  ''  King  Philii'," 
Wednesday,  June  22,  1904. 
Present:  President   Edwin    C.  Brooks  and  Messrs.  V.  C.  Hast- 
ings, George  E.  Crowell,  George  A.  Stacy,  Lewis  M.  Bancroft, 
Edmund  W.   Kent,  J.   C.   Hammond,   Jr.,   Horace   G.   Holden, 
Charles  W.  Sherman,  Willard  Kent. 

Eight  applications  for  membership  and  one  for  associate  mem- 
bership were  received  and  approved. 
Adjourned. 

Attest : 

WILLARD  KENT,  Secretary. 
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James  E.  Burke,  secretary  and  treasurer  of  the  Princeton 
(N.  J.)  Water  Company,  died  on  February  23,  1904. 

Mr.  Burke  was  in  his  fiftieth  year,  and  had  Hved  in  Princeton 
all  his  life.  He  had  always  been  prominent  in  the  public  affairs 
of  the  community.  He  was  a  prominent  Democrat,  and  in  1899 
was  candidate  for  the  office  of  sheriff  of  Mercer  County.  He  had 
been  connected  with  the  Princeton  Water  Company  almost  from 
its  inception  in  1883.  In  addition  to  his  position  with  the  water 
company,  he  was  treasurer  of  the  Princeton  Sa\dngs  Bank,  and 
had  been  secretary  and  treasurer  of  the  Princeton  Gas  Light 
Company  until  it  was  merged  into  the  Princeton  Lighting 
Company. 

He  was  elected  a  member  of  the  New  England  Water  Works 
Association  on  September  11,  1895. 


George  DeVere  Curtis,  assistant  engineer  in  the  office  of 
the  City  Engineer  of  Boston,  died  June  26,  1904,  from  an  opera- 
tion for  appendicitis. 

Mr.  Curtis  was  born  August  30,  1863,  at  Belleville,  Ont.,  and 
after  a  public  school  education,  he  was,  at  the  age  of  eighteen, 
articled  for  two  years  to  Sir  Archibald  Ponton,  and  at  once  pro- 
ceeded to  the  Northwest  Territory  in  the  work  of  the  government 
surveys.  In  1883  he  came  to  the  United  States  and  entered  the 
employ  of  the  Smead  Heating  and  Ventilating  Company,  where 
he  remained  until  1894.  He  worked  for  this  firm  at  various  places, 
among  others  Toledo,  Denver,  and  Elmira;  at  the  latter  place 
being  the  manager  of  the  Drafting  De])artnient.  He  designed 
various  systems  of  heating  and  ventilating,  especially  for  large 
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buildings,  patenting  several  improvements  along  this  line.  He 
was  a  part  owner  in  the  company  until  the  financial  crash  of  1893 
came,  compelling  the  failure  of  the  concern. 

In  the  spring  of  1895  he  entered  the  City  Engineer's  office  of 
Boston,  where  he  remained  until  his  death.  He  was  employed  on 
the  water  works,  and  did  excellent  work  in  designing  and  systema- 
tizing the  various  castings  of  the  department.  He  also  had 
charge  of  the  fire  supply  system  for  the  Boston  City  Hospital. 
He  was  about  to  patent  an  improvement  in  hydrants  w^hen  his 
untimely  decease  occurred.  His  work  always  showed  the  marks 
of  extreme  fineness  and  accuracy. 

He  combined  an  even,  cheerful  temperament  with  an  aggressiv^e 
abihty  to  achieve  results,  and  his  unselfish  character  was  especially 
noted  by  all  with  whom  he  came  in  contact. 

He  joined  this  Association  September  19,1900,  and  he  was  also 
a  member  of  the  Boston  Architectural  Club. 

He  was  married  in  1893  to  Miss  Fannie  Hagar,  of  Richmond, 
Me.,  who  survives  him. 


DwiGHT  A.  Harris,  superintendent  of  water  works  at  New 
Britain,  Conn.,  committed  suicide  by  shooting,  and  died  June  16, 
1904. 

Mr.  Harris  was  born  in  Boonville,  N.  Y.,  September  17,  1850. 
He  had  lived  in  New  Britain  about  twenty-five  years.  Having 
been  a  plumber  by  trade,  he  was  at  first  called  in  to  do  odd  jobs 
and  make  repairs  for  the  water  works,  which  were  then  too  small 
to  require  the  constant  services  of  one  man.  Later  Mr.  Harris  was 
chosen  to  have  the  care  of  the  works,  and  he  was  superintendent 
until  his  death. 

He  was  elected  a  member  of  this  Association  on  March  14,  1888. 
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THE    WATER    POWER    AT    HOLYOKE. 

BY   ALBERT   F.    SICKMAN,    HYDRAULIC    EXGINEl^R,    HOLYOKE    WATER 
POWER  COMPANY. 

[Read  September  14,  1904.] 

The  succes.sful  introduction  of  cotton  manufacturing  at  Wal- 
tham,  Mass.,  and  other  places,  in  the  early  part  of  the  last  century, 
caused  a  wave  of  enterprise  for  manufacturing  to  sweep  over  the 
New  England  vStates.  Consequent  upon  that  spirit  was  the  de- 
velopment of  the  water  power  at  Holyoke  and  the  beginning  of 
the  upbuilding  of  this  loc"ahty  in  wealth  and  population. 

In  1845  the  power  at  Lowell  came  under  the  control  of  a  com- 
pany organized  solely  to  operate  that  water  power.  About  two 
years  later  the  Essex  Company,  another  water-power  corporation, 
completed  its  dam  at  Lawrence,  and  in  the  same  year  a  charter 
was  granted  to  the  Hadley  Falls  Company,  which,  among  other 
things,  gave  authority  to  build  and  maintain  a  dam  on  the 
Connecticut  River  at  Hadley  Falls. 

Some  small  use  had  been  made  of  the  water  power  there  prior 
to  that  time,  water  having  been  taken  from  the  river  by  means  of 
wing  dams,  and  from  the  navigation  canal  on  the  South  Hadley 
side.  But  it  remained  for  the  Hadley  Falls  Company  to  plan 
and  lay  out  works  with  a  view  of  utilizing  the  entire  fall  of  tlie 
river  and  its  entire  low  water  flow. 

In  1792  a  charter  had  been  granted  for  the  building  of  dams 
and  canals  for  navigation,  and  eventually  the  river  had  been 
made  navigable  for  small  boats  and  rafts  up  as  far  as  Wells 
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River,  Vt.;  and  in  1797  the  tolls  amounted  to  about  fi^-e 
thousand  dollars. 

The  navigation  works  at  South  Hadley  Falls,  on  the  easterly 
shore  of  the  river,  and  opposite  the  present  city  of  Holyoke,  were 
the  property  of  the  proprietors  of  the  locks  and  canals  on  the 
Connecticut  Riv^er.  This  company  experienced  the  usual  periods 
of  depression  and  of  business  prosperity,  until,  in  1833,  dividends 
of  fifteen  thousand  dollars  w^ere  paid;  but  soon  after  this  the 
building  of  railroads  cut  into  the  business  of  the  canal  company, 
and  in  1848  its  stock  was  acquired  by  the  Hadley  Falls  Com- 
pany. 

It  was  not  until  1883,  however,  that  the  affairs  of  the  old  com- 
pany were  finally  wound  up.  At  that  time  a  curious  incident 
was  brought  out,  showing  the  difference  of  business  methods 
between  the  early  days  and  the  present.  It  became  necessary 
to  look  up  the  stock  of  the  old  corporation,  and  for  a  long  time 
only  503  shares  could  be  found,  yet  there  had  originally  been  504 
shares,  in  1792.  A  careful  search  of  the  records  brought  out  the 
following  entry: 

"  I,  the  within-named  James  Bull,  of  Hartford,  in  the  state 
of  Connecticut,  in  consideration  of  a. valuable  sum  of  money, 
viz.,  two  hundred  dollars  ($200),  received  to  my  full  satisfaction 
of  Jonathan  D wight,  Esq.,  treasurer  of  the  Lower  Locks  and 
Canals  on  Connecticut  River,  the  receipt  whereof  I  do  hereby 
acknowledge,  do  assign  and  make  over  all  my  right  and  title  to 
the  within-named  share.  No.  80,  and  all  privileges  and  rights  to 
which  I  am  entitled  by  virtue  thereof,  to  him,  the  said  Jonathan 
Dwight,  Esq.,  or  his  successors  in  office,  to  have  and  to  hold  to 
him 'and  to  them,  so  long  as  the  corporation  shall  remain  a  bod}^ 
politic. 

"Witness  my  hand  and  seal  this  eleventh  day  of  December, 
Anno  Domini,  1807. 

''JAMES  BULL  [Seal]" 
"  Signed,  sealed,  and  delivered 
in  the  presence  of 

Thomas  Bull, 
Charles  Bull." 

That  is  to  say,  this  good  treasurer,  instead  of  indulging  in  the 
modern  amusement  of  stock-watering,  had  really  started  in  to 
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condense  it,  and  had  commenced  the  movement  by  boihng  down 
the  stock  to  the  extent  of  one  share. 

In  regard  to  the  first  dam  built  by  the  Hadley  Falls  Company, 
a  description  published  in  1853  states  that  it  was  at  first  contem- 
plated to  throw  across  the  river  a  temporary  dam,  which,  while 
it  would  serve  as  a  protection  to  the  erection  of  one  more  sub- 
stantial below  it,  would  answer  the  purpose  of  the  company  until 
such  permanent  dam  should  be  completed.  The  first  clam  was 
accordingly  built  with  less  regard  to  strength  than  the  result 
proved  w^ould  have  been  prudent.  It  was  not  able  to  resist  the 
force  of  the  river,  and  was  carried  away  after  the  gates  were 
closed,  the  shutting  of  the  gates  having  occurred  earher  than 
had  been  designed  in  consequence  of  a  freshet  in  the  river. 

Disastrous  as  this  was,  it  is  probable  that  it  was  really  a  fortu- 
nate thing  that  the  dam  went  out,  for  at  that  time  the  coffer 
dam  above  the  gate  house  was  breaking  up  and  the  head-gates 
were  not  in  their  positions.  Had  that  coffer  dam  given  way 
and  turned  the  whole  river  through  the  gates  into  the  unfinished 
canals  and  over  the  site  of  the  city,  tremendous  damage  would 
have  resulted  —  probably  much  greater  than  the  loss  of  the 
Hghtly  constructed  timber  dam. 

An  old  drawing,  purporting  to  be  a  plan  of  this  dam,  shows 
the  slope  of  the  back  to  be  an  angle  of  about  30  degrees  to  the 
horizontal.  The  sills  w^ere  of  timber  24  inches  square  and  laid 
6  feet  on  centers  across  the  bottom  of  the  river  at  right  angles  to 
the  dam.  The  posts,  18  inches  square,  were  framed  into  the  sills 
and  into  the  rafters,  and  were  at  right  angles  to  the  latter  and 
6  feet  apart.  The  back  of  the  dam  was  covered  with  4-inch 
planking.  All  timbers  and  planks  Were  of  hemlock,  about  two 
million  feet  being  required. 

The  company  Was  hampered  by  labor  troubles  in  January, 
1848,  a  strike  having  occurred  when  wages  Were  reduced  from 
seventy-five  cents  to  seventy  cents  per  day,  but  as  the  year  rolled 
around,  the  works  of  the  company  progressed  through  the  labor 
of  its  800  employees,  so  that  on  November  15  and  16  notices 
were  published  in  the  Springfield  paper  of  the  closing  of  the 
sluiceways,  and  at  ten  o'clock  on  the  morning  of  November  16, 
1848,  the  gates  were  closed  in  the  presence  of  a  crowd  of  1  500 
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to  2  000  witnesses.  When  the  water  had  risen  within  2  or 
3  feet  of  the  top,  all  but  about  75  feet  at  one  end  and  100 
feet  at  the  other  rolled  over,  at  3.20  p.m.,  and  went  crashing 
down  the  river  on  the  crest  of  a  huge  wave. 

The  loss  to  the  company  was  about  thirty-eight  thousand 
dollars;  but  immediate  steps  were  taken  for  the  erection  of 
another  dam  upon  a  very  different  and  much  stronger  plan,  and 
the  work,  which  began  in  April,  1849,  "was  carried  to  completion 
that  same  year,  and  still  stands  in  the  river  in  its  original  position. 
At  the  beginning,  two  coffer  dams  were  built,  one  on  each  side  of 
the  river,  each  extending  200  feet  from  the  bank  into  the  stream. 
They  were  completed  in  May,  the  water  pumped  out,  and  the 
rock  excavated  to  a  depth  of  6  feet.  The  construction  of  the 
main  dam  was  then  begun  by  laying  down  three  15-inch  square 
sticks  lengthwise  across  the  river.  The  dam  was  started  in  sec- 
tions, 6  feet  from  center  to  center,  there  being  170  sections. 
These  sections  were  connected  or  tied  to  each  other  by  12-inch 
square  sticks  running  across  the  river.  The  structure  above  the 
foundation  sticks  was  made  up  of  alternate  courses  of  these  ties 
and  rafters,  also  12  inches  square.  Between  the  rafters,  in  the 
same  course  with  the  ties,  short  blocks  were  introduced  to  stiffen 
or  prevent  the  bending  of  the  rafters.  At  spHcings  of  the  rafters 
long  pieces  were  put  in,  treenailed  to  the  rafters  with  eight  2-inch 
treenails  of  oak.  The  foot  of  each  rafter  was  scribed  and  bolted 
to  the  rock  with  H-inch  iron  bolts.  The  structure  was  thus 
reared  to  its  full  height  of  about  30  feet,  and  its  upstream  face 
covered  with  6-inch  plank,  with  the  exception  of  a  space  16  feet 
wide-  by  18  feet  long,  which  was  temporarily  left  open.  The  toe 
of  the  dam  was  secured  by  a  second  covering  of  plank  at  right 
angles  with  the  first,  with  the  lower  end  scribed  and  bolted  to 
the  rock.  Four  feet  of  the  crest  of  the  dam  on  the  upstream  side 
were  covered  "with  boiler  iron  |-inch  thick,  for  protection  from 
ice  and  driftwood. 

In  this  manner,  400  feet  of  the  dam  were  completed,  200  feet 
on  each  side  of  the  river.  As  the  summer  advanced,  another 
section  of  200  feet  -was  added  to  each  side,  leaving  but  217  feet 
open  for  the  water  to  run  through.  A  coffer  dam  was  then  built 
covering  this  space  of  217  feet,  and  the  water  of  the  river  allowed 
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to  run  through  the  spaces  left  for  the  purpose  in  the  four  previ- 
ously constructed  sections. 

After  the  completion  of  the  middle  section  of  the  dam,  the  last 
coffer  dam  was  removed,  and  preparations  made  to  stop  the  tem- 
porary openings  through  the  structure;  this  was  done  by  gates 
hinged  to  the  planking. 

Four  million  feet  of  timber  are  contained  in  the  structure. 
Gravel  was  filled  in  and  well  pounded  down  to  the  foot  of  the 
dam,  which  is  still  further  protected  by  the  addition  of  a  mass 
of  concrete. 

As  the  timber  work  went  up,  the  whole  foundation,  90  feet  in 
extent,  and  all  open  spaces  were  packed  solidly  with  stone  to 
the  height  of  10  perpendicular  feet.  The  planking  on  the  upper 
portion  of  the  dam  was  laid  to  a  thickness  of  18  inches  of  solid 
timber  (three  layers  of  6  inches  each),  all  treenailed,  spiked,  and 
strongly  bound  together.  The  graveling  in  the  bed  of  the  river 
begins  70  feet  above  the  dam,  and  is  continued  over  30  feet  or 
more  of  its  sloping  surface. 

During  the  construction  of  the  dam,  the  water  was  allowed  to 
flow  through  gates  in  it,  16  by  18  feet  in  size,  of  which  there  were 
46  in  all  when  the  work  was  finished.  At  twenty-two  minutes 
before  one  o'clock  in  the  afternoon  of  October  22,  1849,  the  en- 
gineer gave  a  signal,  and  half  of  the  gates  were  closed;  another 
signal  immediately  followed  and  the  remaining  gates  were  closed ; 
the  river  ceased  its  flow,  until  its  waters,  gradually  collecting, 
rose  upon  the  face  of  the  dam,  and  finally  fell  in  a  broad  sheet 
over  its  crest,  about  ten  o'clock  at  night. 

The  chief  engineer  of  the  work  was  Philander  Anderson,  who 
entered  West  Point  in  1827,  but  did  not  graduate.  Mr.  Anderson 
was  a  man  of  great  abifity,  and  his  excellent  plan  for  the  canals 
and  streets  of  the  new  citj^  stands  as  a  monument  to  his  profes- 
sional character. 

The  dam  was  destined  to  an  early  test  of  its  strength,  for  No- 
vember 12,  1849,  brought  a  freshet  of  six  feet  over  it,  and  the 
windows  in  Springfield  are  said  to  have  been  shaken  at  the  rate 
of  128  vibrations  per  minute  as  the  result  of  the  sheet  of  water 
passing  over  without  opportunity  afforded  for  the  free  passage 
of  air  beneath.     The  following  May  there  were  8-^-  feet  over  the 
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dam;  in  1854,  10^  feet;  and  in  April,  1862,  12^  feet.  The  abut- 
ments had  been  planned  for  only  10  feet,  so  that  it  was  necessary 
to  raise  them,  and  in  1877  the  whole  gate  house  was  raised. 

The  dam  is  built  upon  a  ledge  of  red  sandstone,  showing  in  some 
places  a  somewhat  slaty  structure.  The  ledge  dips  downstream 
at  an  angle  of  about  thirty  degrees  to  the  horizontal,  so  that  the 
water,  as  it  fell  over,  struck  the  seams  of  the  ledge  in  the  best 
direction  for  splitting  off  layers  of  rock  and  sending  them  down- 
stream. The  effect  of  the  constant  perpendicular  fall  through 
thirty  feet  of  such  a  body  of  water  was  to  rapidly  cut  out  such  a 
ledge,  and  this,  added  to  the  action  of  ice  and  logs  carried  against 
the  foot  of  the  dam  by  the  undertow,  soon  began  to  tell  upon 
the  parts  of  the  work  visible  at  times  of  low  water. 

In  1868,  when  the  dam  was  nineteen  years  old,  there  were 
depressions  in  the  line  of  the  crest,  and  examinations  made  bj' 
men  who  crawled  through  the  dam  behind  the  sheet  of  water, 
revealed  the  fact  that  logs  passing  over  the  dam  and  then  strik- 
ing the  face,  end  on,  must  have  caught  between  the  timbers,  and 
acted  the  part  of  huge  levers  to  break  and  pry  out  the  face  tim- 
bers. The  ledge  had  also  been  washed  out  to  a  depth  of  20  to 
25  feet,  and  in  some  places  had  worked  back  far  enough  to  under- 
mine the  dam.  No  time  was  to  be  lost,  so  during  the  years  of 
1868, 1869,  and  1870,  an  apron  was  built  downstream  from  the  dam 
of  1849.  The  volume  of  this  apron  far  exceeded  that  of  the  dam 
itself;  it  was  constructed  of  round  logs  built  up  in  perpendicular 
bins,  cob-house  style,  and  filled  with  stone  before  the  covering  was 
put  on.  The  cost  of  the  apron  is  not  known  exactly,  but  was 
probably  not  far  from  three  hundred  thousand  dollars.  Its  effect 
was  to  prevent  further  injury  to  the  timbers  of  the  dam  by  ice 
and  logs,  and  to  stop  any  further  undermining  of  the  main  dam; 
but  it  soon  caused  a  new  hole,  20  to  25  feet  deep,  to  be  scooped 
out  of  the  ledge  at  its  foot. 

It  had  been  expected  by  the  designers  of  the  dam  that  the 
leakage  would  keep  all  timbers  constantly  wet,  and  thus  effect- 
ually prevent  decay,  and  it  was  even  proposed  that  if  the  plank 
covering  did  not  ieak  sufficiently  for  this  end,  holes  should 
be  bored  in  it  to  give  sufficient  water.  But  these  expectations 
were  not  realized;  there  was  a  gradual  settling  of  the  dam,  until, 
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in  1875,  there  were  parts  of  its  crest  a  foot  or  more  below  the  law- 
ful level,  as  fixed  by  the  original  bench  mark  on  the  masonry. 
At  that  time  a  new  crest  was  built,  and  the  sloping  faces  of  the 
dam  and  apron  brought  up  to  it  by  means  of  wedge-shaped 
timbers  spiked  upon  them. 

In  1879  troubles  of  another  nature  dev^eloped, —  a  whirlpool 
was  seen  on  the  surface  of  the  water  above  the  crest  of  the  dam, 
and  an  examination  showed  a  break  in  the  plank  covering.  This., 
and  other  breaks  Hke  it,  were  repaired  by  means  of  cribs  sunk  to 
enclose  the  holes.  These  cribs  were  hke  boxes  without  top  or 
bottom,  —  the  underside  being  built  to  accommodate  the  slope 
of  the  dam,  —  floated  out  to  place  and  weighted  with  stones,  and 
the  repair  work  was  carried  on  within  them. 

Breaks  occurred  in  1881  and  1882,  but  in  1884  there  was  one 
more  serious  than  any  before,  on  account  of  its  size  and  the  amount 
of  water  that  passed  through  it  at  the  season  of  the  year  in  which 
the  supply  to  the  mills  is  hmited.  A  crib,  40  by  45  feet,  was  built 
and  floated  out,  after  it  had  been  found  that  a  20  by  35  foot  crib 
was  too  small,  when  it  was  found  that  the  hole  had  again  grown 
and  was  be3^ond  the  limits  of  the  big  crib,  so  that  it  was  necessary 
to  place  another  beside  it.  The  combined  cribs  were  sufficient 
to  cover  the  hole  that  had  grown  to  be  60  feet  in  length  and  2 
or  3  feet  wide,  through  which  water  had  been  pouring  under 
a  head  of  10  or  15  feet. 

The  experiences  of  1884  convinced  the  officers  of  the  company 
that  heroic  measures  should  be  taken  to  prevent  such  breaks  in 
the  future,  that  the  supply  of  water  for  the  canals  might  be  safe- 
guarded and  the  safety  of  the  dam  assured. 

In  1885  about  twenty  feet  of  the  top  surface  was  replanked, 
and  a  row  of  piling,  not  vertical,  but  at  right  angles  to  the  slope 
of  the  covering,  was  placed  inside  and  thoroughly  gravel  puddled, 
with  the  idea  of  making  the  strvicture  water  tight  and  of  support- 
ing the  planking  of  the  top  so  that  it  could  not  be  forced  down- 
ward by  the  weight  of  water  upon  it.  These  repairs  were  carried 
out  in  sections,  by  building  coff"er  dams  about  one  hundred  feet 
long  around  sections  of  the  dam. 

Mr.  Clemens  Herschel,  the  engineer  in  charge  of  these  repairs, 
in  speaking  of  the  lessons  to  be  learned  from  such  work,  says: 
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"  First  and  foremost,  a  wooden  dam  should  never  be  left  hollow, 
nor  should  it  be  filled  with  stone.  Let  a  row  of  sheet  piUng  be 
put  in,  in  some  proper  position,  then  puddle  in  gravel.  Gravel 
is  water-tight,  or  soon  becomes  so;  stone  filling  is  not.  Gravel 
will  protect  every  timber  it  encases  from  rot  forever;  stone  filling 
will  permit  decay,  and  so  will  the  moist,  foul  air  to  be  found  in 
the  interior  of  all  hollow  dams.  Worst  of  all  is  a  dam  entirely 
hollow." 

The  filling  of  the  dam  with  gravel  had  the  desired  effect  in  at 
least  one  direction  for  a  number  of  years,  for  the  leak  was  very 
small,  but  the  dam  was  still  settling,  as  was  shown  by  careful 
levels  taken  upon  its  crest  each  year  as  opportunity  was  afforded 
by  low  water.  In  ten  years  this  settlement  amounted  to  about 
six  inches  average  for  the  whole  dam. 

In  1893  and  1894  breaks  occurred  in  the  planking,  and  the 
leakage  increased,  all  of  which  showed  that  the  gravel  no  longer 
filled  all  the  voids  of  the  interior,  and  that  the  dam  was  threat- 
ened with  the  very  trouble  that  the  work  of  1885  was  expected 
to  prevent.  • 

In  1891  steps  were  taken  for  the  erection  of  a  stone  dam,  and 
surveys  were  begun  that  year,  and  a  location  chosen  far  enough 
downstream  that  only  a  small  portion  of  the  new  structure  should 
stand  in  the  hole  worn  in  the  ledge  at  the  foot  of  the  apron. 

The  masonry  dam  is  1  020  feet  long  at  the  spillway,  30  feet 
high  above  bed-rock  at  the  back,  and  54  feet  wide  on  the  bottom. 
The  back  is  stepped  off  1  foot  in  5  all  the  way  to  the  top,  as 
a  batter,  the  steps  affording  footings  for  coffer  dams  during  course 
of  construction.  The  rear  part  of  the  top  is  beveled  for  a  width 
of  about  5  feet,  beginning  at  a  point  2  feet  below  the  crest  and 
running  to  a  point  on  top  2  feet  back  from  the  center  line.  There 
is  then  a  level  space  of  2  feet  wide  to  the  center  line,  and  from 
there  the  face  is  an  ogee  curve,  consisting  first  of  a  parabola 
and  then  an  arc  of  a  cycloid.  The  lowest  point  in  the  face,  which 
is  the  vertex  of  the  cycloid,  is  30  feet  vertically  below  the  crest  and 
34.89  feet  horizontally  from  the  vertex  of  the  parabola.  The 
curve  then  rises  from  the  lowest  point  to  the  toe,  7.33  feet  beyond, 
and  to  a  height  of  0.98  foot,  the  intention  of  this  rise  being  to 
prevent  as  far  as  possible  the  erosive  action  upon  the  river  bed. 
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The  body  of  the  dam  is  of  rubble,  laid  in  Portlantl  cement 
mortar.  The  spillway,  upper  face,  and  five  feet  of  the  top  are 
of  heavy  granite  blocks,  those  at  the  lower  part  of  the  spillway 
being  fastened  together  with  galvanized  iron  dogs,  while  those 
on  top  are  secured  with  iron  dowels. 

There  are  over  48  000  cubic  yards  of  masonry  in  the  entire 
structure,  divided  as  follows:  34  500  cubic  yards  rubble,  1  825  cubic 
yards  dimension  granite  in  the  upper  courses,  7  000  cubic  yards 
granite  in  the  face,  2  500  cubic  yards  granite  in  the  back,  and  2  300 
cubic  yards  granite  in  the  abutments  and  wing  walls. 

Three  years  were  needed  to  complete  the  excavations  in  the 
river  bed  for  the  foundations,  this  work  being  done  by  the  com- 
pany by  day  labor.  A  trench  was  dug  to  an  average  depth  of  8 
feet,  and  from  15  to  18  feet  wide,  and  the  bottom  was  leveled  off 
by  a  bed  of  concrete  for  the  reception  of  the  masonry.  About  13  000 
yards  of  slate  and  red  sandstone  were  taken  from  the  foundation 
trench,  and,  in  order  that  the  bottom  could  be  drained  during 
construction,  another  trench  600  feet  long,  17  feet  wide,  and  10 
feet  deep  was  excavated,  beginning  near  the  center  of  the  river 
and  extending  down  stream. 

The  toe  of  the  dam  is  protected  from  erosion  and  undermining 
by  a  heavy  bed  of  rubble  masonry,  the  greater  part  of  which  has 
been  covered  with  concrete.  The  stone  for  the  rubble  was 
taken  from  the  bed  of  the  river,  the  greater  part  of  the  granite 
is  from  the  quarries  of  Vinal  Haven,  Me.,  and  the  cement  is 
known  as  the  Alpha  brand. 

Five  years  were  required  in  the  building,  no  work  being  done 
during  freezing  weather  nor  during  times  when  very  great  quan- 
tities of  water  were  flowing  over  the  wooden  dam.  But  few 
heavy  wooden  coffer  dams  were  employed,  and  these  only  when 
closing  a  gap;  sand-bag  dams  were  very  largely  used,  and,  when 
occasion  required,  were  reinforced  and  raised  to  stand  a  pressure 
due  to  six  or  eight  feet  of  head. 

The  specifications  written  for  this  work  hav^e  been  noted  all 
over  the  country  for  the  extra  quality  of  the  work  which  they 
require,  and  many  a  contractor  has  remarked  that  "it  might 
do  very  well  to  put  such  things  on  paper,  but  that  no  one  would 
furnish  material  exactly  fulfilling  the  requirements."     But  the 
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material  and  the  workmanship  both  are  up  to  the  requirements, 
and  the  dam  stands  to-day  as  an  example  of  one  ot  the  finest 
pieces  of  that  kind  of  work  to  be  found  in  this  country. 

The  system  of  distributing  canals  is  laid  out  on  the  nearly  level 
plain  inclosed  by  the  bend  of  the  river,  and  consists  of  three 
levels,  the  fall  between  the  first  and  second  being  20  feet; 
between  the  second  and  third,  12  feet;  and  from  the  third  to  the 
river,  24  feet  when  there  is  no  backwater.  Those  mills  situated 
on  the  first  level  and  discharging  water  to  the  river  have  a  head 
varying  from  32  to  40  feet,  depending  upon  the  location;  and 
the  fall  from  the  second  level  to  the  river  varies  from  20  to  32 
feet. 

The  head-gates  in  the  bulkhead  are  operated  by  belts  and 
gearing  driven  by  a  turbine  in  the  basement.  The  first  level 
canal  immediately  below  the  bulkhead  is  140  feet  wide  and  22 
feet  deep;  after  the  first  1  000  feet  of  its  length,  the  width  of 
canal  diminishes  at  the  rate  of  1  foot  in  a  hundred,  and  its  depth 
1  foot  in  a  thousand. 

The  area  of  section  of  the  second  and  third  level  canals  is  not 
so  great  as  of  the  first,  but  yet  of  such  a  size  that  a  velocity  of 
two  feet  per  second  is  seldom  if  ever  exceeded  at  any  point 
throughout  their  entire  length.  Careful  watch  is  kept  upon  the 
level  of  the  water  in. all  canals,  more  or  less  being  admitted  from 
the  ri.ver  or  canal  above,  in  order  to  maintain  as  nearly  as  possible 
a  constant  level,  no  matter  what  quantity  may  be  in  use.  Waste 
weirs  and  gates  are  provided  on  all  canals  for  the  purpose  of 
regulation.  The  watchmen  at  these  stations  have  ready  means 
of  c/immunication  by  telephones  and  signal  bells. 

The  mill  corporations  hold  their  power  under  a  form  of  lease 
or  grant  that  is  especially  interesting,  as  it  is  perpetual,  and  is 
put  on  the  county  records  in  the  same  way  as  any  other  deed. 
Every  grant  of  power  carries  with  it  the  land  necessary  for  the 
mill  buildings,  and  the  price  is  based  only  upon  the  amount  of 
power,  and  not  upon  the  amount  of  land  conveyed. 

In  many  of  the  older  grants,  covering  what  is  now  known  as 
permanent  power,  the  consideration  was  a  lump  sum,  sometimes 
called  a  bonus,  of  $5  000  per  mill-power  and  an  annual  rental  of 
$300  or  of  $450  forever,  according  as  the  power  granted  was  for 
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sixteen  or  twenty-four  hours.  ^lany  changes  were  made  from 
time  to  time  in  the  bonus  as  well  as  in  the  rentals,  and  at  the 
present  time  permanent  power  would  demand  a  much  higher 
price  than  that  realized  fifty  years  ago. 

The  term  "  mill-power  "  just  used  in  speaking  of  the  rentals  was 
derived  as  follows:  "  The  second  mill  built  at  Waltham  con- 
tained 3  584  spindles,  with  all  the  apparatus  necessary  to  spin 
No.  14  yarn  and  convert  it  into  cloth,  which  was  taken  as  a 
standard,  and  the  necessary  water-power  estimated  and  estab- 
lished as  the  right  to  draw  25  cubic  feet  per  second  on  a  fall  of 
30  feet,  or  a  gross  horse-power  of  S5.05,  supposed  to  net  about 
60  horse-power." 

As  the  original  intention  of  the  Hadley  Falls  Company  was  to 
build  a  city  devoted  almost  entirely  to  the  manufacture  of  cotton, 
it  was  but  natural  that  the  power  unit  in  general  use  among 
New  England  manufacturers  should  be  adopted  here,  and  it  was 
adopted  with  very  slight  change,  and  carefully  defined  in  Article 
II  of  the  proposals,  which  I  now  quote: 

"  Each  mill-power  at  the  respective  falls  is  declared  to  be  the 
right,  during  sixteen  hours  in  a  day,  to  draw  from  the  nearest 
canal  or  water  course  of  the  grantors,  and  through  the  land  to  be 
granted,  38  cubic  feet  of  water  per  second  at  the  upper  fall,  when 
the  head  and  fall  there  is  20  feet,  or  a  quantity  inversely  propor- 
tionate to  the  height  at  other  falls.  And  in  order  to  prevent 
disputes  as  to  the  power  of  each  mill  privilege  in  the  variations 
of  the  height  of  the  water  from  changes  of  the  seasons  or  other 
causes,  it  is  understood  and  declared  that  the  quantity  of  water 
shall  be  increased  in  proportion  to  the  reduction  of  the  height, 
one  foot  being  allowed  and  deducted  from  the  height  of  the  actual 
head  and  fall,  and  also  from  that  with  which  it  is  compared, 
before  computing  the  proportion  between  them.  Thus  on  a  head 
and  fall  of  32  feet,  the  quantity  of  water  used  would  be  23  cubic 
feet  and  to  be  g\  parts  of  a  cubic  foot  per  second.  And  the  respec- 
tive parties,  where  either  has  any  lawful  interest  therein,  may,  at 
all  reasonable  times,  in  a  peaceable  manner,  and  after  due  notice 
to  the  principal  steward  or  agent  then  on  duty  at  any  mill,  enter 
the  raceway  thereof  to  measure  and  compare  the  quantity  of 
water  used  with  the  quantity  granted,  and  in  the  measurements 
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all  wastage  shall  be  included, —  and  may  also  adopt  and  use  such 
other  mode  of  making  or  verifying  the  said  measurement  as  the 
circumstances  of  each  particular  case  may  require." 

Articles  III  and  IV  declare  that  the  grantors  must  forever 
keep  in  good  repair  the  principal  canals,  and  must  forever  main- 
tain a  dam  across  the  Connecticut  River,  of  such  length  and 
height  as  may  be  necessary  to  turn  the  water  into  the  canals,  also 
that  the  flumes  and  raceways  are  the  property  of  the  respective 
grantees,  to  be  built  and  maintained  by  them  in  good  repair. 

Article  V  reads:  "  In  order  to  continue  in  the  grantors  an 
interest  in  common  with  the  grantees  for  the  preservation  and 
support  of  the  mill-powers  which  may  be  granted,  and  to  secure 
a  fund  to  indemnify  the  grantees  for  expenses  which  may  be 
incurred  by  them  for  making  repairs,  if  the  grantors  should  im- 
properly neglect  to  make  them,  it  is  proposed  that  part  of  the 
consideration  of  every  sale,  and  all  that  is  to  be  allowed  the 
grantors  for  repairs,  etc.,  by  them  assumed,  should  be  paid  or 
secured  to  them  in  the  form  of  a  reservation  of  rent.  It  is  there- 
fore declared  that  each  mill-power,  with  the  land  to  which  it  is 
annexed,  shall  forever  be  subject  to  a  perpetual  annual  rent  of 
at  least  260  ounces,  troy  weight,  of  silver  of  the  present  (1859) 
standard  fineness  of  the  silver  coin  of  the  United  States,  or  an 
equivalent  in  gold,  at  the  option  of  the  grantee  at  the  time  of 
payrnent;  which  rent  is  to  be  paid  in  yearly  payments  forever, 
free  from  all  charges  or  deductions  whatever  for  taxes  or  assess- 
ments of  every  description  which  may  be  assessed  or  levied  upon 
any  granted  premises  after  the  making  of  the  deed,  all  of  which 
are, assumed  by  the  grantees.  And  a  perpetual  annual  rent,  at 
least  equal  to  the  above,  shall  be  reserved  for  every  mill-power 
hereafter  sold." 

Up  to  the  year  1880  no  attempt  had  been  made  by  the  com- 
pany to  measure  the  water  taken  by  any  of  the  mills,  although 
it  was  well  known  that  some  of  the  lessees  were  drawing  quan- 
tities far  beyond  their  legal  rights,  and  thus  inflicting  an  injury 
in  times  of  low  water  upon  such  as  drew  no  water  beyond  the 
amount  held  under-lease.  At  that  time  steps  were  taken  to  make 
measurements  and  estimates  of  the  quantities  drawn  by  each 
mill,  and  a  set  of  rules  and  regulations  was  formulated  for  the 
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draft  of  surplus.  It  was  readily  seen  from  the  great  number  of 
turbines  in  use,  and  the  widely  diversified  conditions  under  which 
they  were  used,  that  frequent  or  daily  measurements  in  the 
flumes  or  raceways  of  the  actual  quantities  drawn  would  be  a 
cumbersome  and  expensive  method;  so  it  was  determined  to 
make  each  turbine  a  sort  of  water  meter  to  measure  its  own  dis- 
charge. With  that  end  in  view,  the  apparatus  and  machinery 
of  the  testing  flume,  then  belonging  to  the  late  James  Emerson, 
was  bought,  and  later  a  much  larger  flume  was  built,  in  which  is 
tested  every  wheel  destined  to  draAv  water  from  the  canals.  The 
experiments  are  made  to  cover  all  conditions  of  load  and  speed 
likely  to  be  found  in  its  actual  work,  and  from  the  results  a  chart 
is  made  up  for  the  wheel,  which,  taken  in  connection  with  indi- 
cators placed  upon  the  wheel  in  the  mill,  forms  a  basis  for  esti- 
mating the  discharge  at  any  time  a  reading  of  the  indicators  may 
be  taken. 

"Surplus  power,"  which  is  offered  for  sale  to  owners  of  the  so- 
called  permanent  power,  so  long  as  the  river  will  furnish  it,  is  sold 
at  a  daily  rate,  and  charged  for  only  when  used  —  the  present  rate 
per  mill-power  for  a  twelve-hour  day  or  night  being  $2.50  net. 

In  addition  to  the  permanent  and  surplus  power  already  named, 
there  has  been  sold  certain  power  designated  as  "  non-permanent 
power,"  which  is  not  guaranteed,  but  will  be  furnished  when  there 
is  more  than  a  sufficient  c^uantity  in  the  river  to  supply  all  the 
permanent  power,  together  with  fifty  per  cent,  of  it  as  surplus. 
The  rate  of  charge  for  non-permanent  power  is  a  bonus  of  $4  500 
per  mill-power  and  an  annual  rental  of  $1  500,  with  a  rebate  of 
the  entire  rent  during  times  of  non-supply. 

Whatever  influence  the  practice  of  manufacturers  in  the  first 
part  of  the  last  century  of  using  overshot  and  breast  wheels  may 
have  had  on  the  minds  of  the  men  who  laid  out  the  Holyoke 
system  of  canals  and  divided  the  fall  into  three  parts,  each  of 
very  moderate  extent,  it  is  certain  that  no  motors  except  turbines 
have  ever  been  employed  here.  Thirty  years  ago  the  main  drivers 
of  nearly  all  the  mills  were  wheels  of  the  Forneyron  type,  usually 
called  Boyden  turbines  from  certain  improvements  introduced 
by  Uriah  Boyden,  a  hydraulic  engineer  of  Boston.  These  Boy- 
den turbines  have  been  gradually  replaced  by  more  efficient  and 
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much  more  powerful  wheels,  mainly  of  local  manufacture,  so  that 
only  14  out  of  the  total  of  160  turbines  now  on  the  Holyoke  canals 
arc  of  that  pattern. 

It  is  very  interesting  to  note  the  development  of  the  modern 
turbine,  its  gradual  increase  in  speed  and  capacity,  from  the 
earlier  types  of  the  inward  or  outward  flow  wheels,  with  simple 
vanes,  to  the  present  form,  whose  compound  curves  are  the 
despair  of  any  mathematician  who  tries  to  analyze  them.  The 
development  has  been  largely  through  practical  experiments, 
rather  than  by  abstruse  reasoning,  and  the  water  power  at 
Holyoke  has  played  no  small  part  in  this  development,  for  in  its 
flume  have  been  tested  turbines  from  all  the  wheel  manufacturers 
of  note  throughout  the  whole  country;  and  each  of  the  principal 
wheels  now  on  the  market  embodies  some  of  the  curves  and 
combinations  that  have  been  tried  out  by  some  patient  experi- 
menter at  the  flume,  and  in  some  directions  Holyoke  is  better 
known  as  the  location  of  the  testing  flume  than  as  a  manufac- 
turing center. 

The  efTect  upon  the  coninuniity  of  the  development  of  this 
great  power  has  been  wonderful  ~  incorporated  as  a  city  in  1873, 
having  had  the  dignity  of  a  town  for  only  twenty-three  years. 
When  the  dam  was  sixteen  years  old,  the  population  numbered 
5  600,  and  the  valuation  was  about  $3  000  000.  Thirty-three 
years  later,  or  when  the  dam  still  lacked  a  year  of  being  a  half 
century  old,  the  population  had  increased  696  per  cent.,  and  the 
valuation  1  064  per  cent.  Boom  towns  of  the  West  can  scarcely 
show  better  records  of  growth  in  numbers  and  wealth  and  solidity 
of  industries. 

This  may  be  called  the  age  of  electricity,  but  it  is  well  to 
remember  that  no  commercial  current  is  sent  out  without  the 
burning  of  some  fuel  or  the  application  of  the  power  of  falling 
water. 

DISCUSSION. 

President  E.  C.  Brooks.  I  am  sure  you  have  all  listened  with 
a  great  deal  of  pleasure  to  Mr.  Sickman's  very  interesting  pa])cr, 
which  is  now  open  for  discussion.  I  know  that  Mr.  Sickman  will 
be  glad  to  answer  any  questions  which  may  be  asked. 
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A  Member.  I  should  like  to  ask  what  the  average  cost  to  the 
mills  is  for  horse-power  per  year. 

Mr.  Sickmax.  The  cost  of  surplus  power,  which  is  the  power 
that  we  furnish  when  we  ha\-e  it  to  spare,  is  about  twenty-three 
dollars  per  year  per  horse-power.  That  is  the  most  expensive 
power  we  have.  The  rate  paid  for  permanent  power  is  something 
below  five  dollars  per  year,  but  it  must  be  remembered  that  the 
annual  rental  of  that  permanent  power  expresses  only  a  part  of 
its  cost,  because  for  each  mill-power,  w^hen  it  was  bought,  a  cash 
bonus  was  paid  down,  so  that  the  price  per  horse-power  is  really 
involved,  and  it  is  not  possible  to  giv^e  an  exact  figure  for  it. 

A  Member.  I  should  like  to  ask  if  rental  is  collected  now  in 
silver. 

Mr.  Sickman.  During  the  time  of  the  depreciation  of  the 
currency  during  the  war,  we  accepted  greenbacks,  and  ever  since 
the  mills  have  always  paid  in  currency.  We  have  disregarded 
the  silver  clause  in  every  instance  except  one.  We  never  had 
but  one  mill  which  offered  silver  buUion,  and  yet  it  is  stated  in 
nearly  all  the  leases  made  prior  to  1880  that  they  have  the  right 
to  pay  the  rental  in  silver  bullion,  but  they  have  not  taken 
advantage  of  it.  If  any  engineers  would  like  to  see  the  dam,  we 
would  be  glad  to  have  them ;  and  it  is  a  good  time  now  to  see  the 
construction  of  the  dam,  because  there  is  no  water  running  over 
it.  The  pond  is  drawn  below  the  crest  of  the  dam,  and  it  is  pos- 
sible to  see  the  entire  masonry  in  front,  and  it  is  a  very  interesting 
sight. 
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MUNICIPAL  WATER  SUPPLY  REVENUE. 

BY  JAMES  L.  TIGHE,  CITY  ENGINEER,  HOLYOKE,  MASS. 
[Read  September  I4.  1904.] 

The  tendency  of  the  present  time  is  toward  the  greater  extension 
of  municipal  f vmctions  by  the  ownership  of  all  local  public  or  quasi- 
public  works,  such  as  water  works,  gas  and  electric  light  works,  etc. 

These  works  are  generally  valuable  assets  and  are,  in  most  cases, 
not  only  self-sustaining,  but,  in  many  communities,  contribute 
largely  to  the  support  of  the  municipality.  As  evidence  of  this, 
in  Great  Britain,  some  years  ago,  many  municipal  debts  were  in-, 
creasing  so  rapidly  that  it  was  feared  local  taxation  would  eventu- 
ally become  too  burdensome.  These  debts,  however,  cause  at 
present  no  alarm  to  the  taxpayer  on  account  of  their  being  partly 
met  or  provided  for  by  revenue  made  available  through  municipal 
ownership.  In  other  words,  the  burden  of  the  taxpayer  is  greatly 
lightened  by  the  profits  made  on  public  enterprises  owned  and 
operated  by  the  municipality. 

While  this  method  of  raising  revenue  through  municipal  owner- 
ship of  public  works  for  defraying  or  helping  to  defray  the  expenses 
of  government  is  quite  popular  in  Great  Britain  and  other  coun- 
tries, and  becoming  popular  in  this  country,  yet,  is  such  a  method 
of  meeting  the  expenses  of  government  just  and  equitable  to  all, 
that  is,  to  the  community  at  large  living  within  the  municipality? 

This  is  the  proposition  the  writer  proposes  to  discuss,  and,  in 
order  to  be  as  brief  as  possible,  he  will  discuss  only  the  equity  of 
using  in  this  manner  public  water  supply  revenue. 

The  first  maxim  of  taxation,  as  laid  down  by  Adam  Smith,  gen- 
erally called  the  father  of  political  economy,  and  accepted  by  al- 
most all  political  economists  and  writers  of  that  science  since  then, 
is  that  "  the  subjects  of  every  state  ought  to  contribute  toward 
the  support  of  the  government  as  nearly  as  possible  in  proportion 
to  their  respective  abilities;  that  is,  in  proportion  to  the  revenue 
which  they  respectively  enjoy  under  the  protection  of  the  state." 
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This  maxim  or  canon  is  not  only  applicable  to  the  government 
of  nations  but  also  to  the  smaller  communities  in  which  any  form 
of  government  whatever  exists,  whether  in  county,  town  or  muni- 
cipality. 

Since,  then,  every  community  should  contribute  sufficient  rev- 
enue to  support  the  government  formed  for  its  protection  and 
enjoyment,  it  should  be  the  aim  of  that  government  to  collect  this 
revenue  proportionately  equal  from  each  member  in  accordance 
with  his  ability  to  contribute. 

It  is  in  the  observance  or  neglect  of  this  principle  that  the  equal- 
ity or  inequality  of  taxation  exists.  It  is  in  the  observance  or 
neglect  of  this  principle  that  taxation,  in  any  form  whatever,  is 
looked  upon  by  all  as  a  perfectly  legitimate  obligation  that  each 
individual  is  bound  to  meet,  or  as  an  arbitrary  extortion  collected 
under  protest  from  those  on  whom  the  greater  burden  is  imposed. 

Now,  for  instance,  in  our  local  governments,  is  the  above  maxim 
fulfilled  when  water  supply  revenue  is  arbitrarily  used  in  defray- 
ing or  in  helping  to  defray  the  expenses  of  the  government?  It 
certainly  is  not,  and  any  water  supply  revenue,  no  matter  how 
little  used  in  this  manner  for  such  purposes,  is  not  only  taking  a 
legitimate  burden  off  one  class  of  the  community  and  illegitimately 
placing  it  upon  another,  but  is  doing  it  so  disproportionately  that 
those  least  able  to  carry  it  are  burdened  the  most. 

As  an  illustration,  suppose  the  revenue  of  the  water  supply  sys- 
tem was  sufficient  in  itself  to  support  the  municipality;  then  the 
water  purchasers  who  contributed  this  revenue  would  be  the  sole 
support  of  the  municipality,  while  all  others,  such  as  those  holding 
personal  property  and  large  landed  interests  kept,  for  instance, 
for  speculative  purposes,  would  not  be  contributing  a  single  cent. 
And  the  same  reasoning  applies  whether  the  revenue  collected 
from  the  water  tax  is  sufficient  to  support  the  municipality  or  a 
small  fractional  part  thereof. 

For  instance,  let  the  total  amount  of  the  expenses  of  the  muni- 
cipality be  $1  000  000,  and  of  this  amount  $50  000  are  contributed 
from  the  water  supply  revenue,  thus  leaving  $950  000  to  be  con- 
tributed by  regular  taxation.  What  would  this  mean?  Simply 
that  instead  of  levying  a  tax  to  raise  $1  000  000  from  all  taxpay- 
ers, a  tax  would  be  levied  to  raise  only  $950  000,  the  remaining 
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$50  000  to  be  contributed  by  the  water  purchasers  in  the  form  of 
a  second  tax  concealed  in  the  water  rates  under  the  guise  of  water 
rents. 

Of  course  the  point  might  be  raised  that  the  water  takers  and 
the  taxpayers  are  practically  one  and  the  same.  Admitting 
this  and  assuming  again  that  the  municipality  was  supported 
wholly  by  revenue  from  the  water  supply,  would  the  contribvitions 
then  toward  this  revenue  be  proportionately  equal  from  all?  Cer- 
tainly not,  for  the  owner  of  a  tenement  block,  worth,  perhaps, 
fifteen  thousand  dollars,  would  be  probably  contributing  more  than 
five  times  as  much  as  the  owner  of  a  private  mansion  worth  fifty 
thousand  dollars,  or  the  owner  of  a  large  factory  worth  five  hun- 
dred thousand  dollars. 

In  illustration  of  this,  actual  figures  taken  from  the  books  of  the 
city  of  Holyoke  will  be  used,  which  will  more  clearly  demon- 
strate those  points  than  any  kind  of  reasoning  whatever. 

There  were  in  1903,  in  Holyoke,  3  576  taxpayers  who  paid  taxes 
on  property,  real  and  personal.  Of  this  number  there  were  2  338 
who  paid  taxes  for  water. 

The  revenue  required  to  run  the  city  in  1903  was,  in  round  num- 
bers, $1  240  000.  Now  if  this  revenue  was  all  raised  by  the  sale 
of  water,  the  2  338  water  purchasers,  who  contributed  toward  the 
treasury  of  the  public  water  supply,  would  be  supporting  the  city, 
while  owners  of  real  estate  ana  personal  property,  to  the  number 
of  1  238,  would  be  contributing  nothing  at  all  toward  its  support. 
And  besides,  not  only  this,  but  the  city  would  be  supported  by  rev- 
enue contributed  so  disproportionately  that,  for  example,  accord- 
ing to  the  records  of  1903,  the  largest  corporation  taxpayer  would 
contribute  only  one-seventh  as  much  as  the  largest  individual 
taxpayer  per  dollar  of  valuation. 

Of  course,  the  defraying  of  the  total  expenses  of  a  municipality 
by  revenue  raised  in  this  manner  would  be  an  extreme  case,  and,  it 
may  be  said,  would  never  actually  occur. 

Let  us  then  take  a  case  that  may  occur  and  does  occur  in  many 
municipalities  and  towns,  viz.,  where  all  the  revenue  contributed 
by  the  water  purchasers  beyond  what  is  barely  needed  for  main- 
tenance is  yearly  appropriated  by  the  government  for  its  support. 
Let  us  assume,  in  Holvoke,  for  instance,  that  this  amount  was  in 
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1903  thirty  thousand  dollars.  Referring  again  to  the  records  of 
the  city,  it  can  be  seen  that  the  second  highest  corporation  tax- 
payer would  be  contributing  only  one  one  hundred  and  thirtieth 
(xio)  as  much  toward  this  thirty  thousand  dollars  as  would 
the  second  highest  individual  taxpayer  per  dollar  of  valuation. 
In  other  words,  the  individual  taxpayer  would  be  contributing  one 
hundred  and  thirty  times  as  much  as  the  large  corporation  toward 
the  construction  and  maintenance  of  streets,  bridges,  etc.  That 
is,  the  heaviest  burden  would  be  placed  upon  the  one  the  least 
able  to  carry  it. 

Would  this  be  just  or  would  it  agree  with  the  first  maxim  of  tax- 
ation as  laid  down  above,  which  says  that  all  subjects  ought  to 
contribute  toward  the  support  of  the  government  as  nearly  as 
possible  in  proportion  to  their  respective  abilities? 

The  answer  is  plain,  as  the  inequality  of  such  a  scheme  for  rais- 
ing revenue  to  help  to  defray  the  expenses  of  municipal  govern- 
ment equals,  if  not  surpasses,  that  famous  or  rather  infamous  tax 
in  vogue  in  England  in  the  eighteenth  century,  known  as  the  win- 
dow tax,  by  which  the  inhabitant  of  a  house  worth  one  thousand 
dollars,  situated  in  a  backward  country  village,  had  to  contribute 
more  toward  the  support  of  the  government  than  the  inhabitant 
of  a  house  worth  fifty  thousand  dollars  in  Regent  Street,  London, 
simply  because  the  former  had  more  windows  in  it  than  the 
latter. 

Another  burden  that  the  water  purchaser  has  to  carry  is  the 
extra  expense  incurred  in  providing  larger  mains  for  fire  protection, 
the  furnishing  of  water  free  for  fire  purposes,  and  for  all  munici- 
pal uses,  and  the  setting  of  fire  hydrants,  etc.,  all  of  which  should 
be  borne  by  the  regular  taxpayer. 

The  conclusion,  then,  to  be  drawn  from  this  discussion,  is  that 
it  is  not  equitable  or  just  to  raise  revenue  in  this  manner  for 
defraying  or  helping  to  defray  the  expenses  of  government. 

If  this  conclusion  is  correct,  then,  on  the  other  hand,  referring 
again  to  the  first  maxim  of  taxation,  "the  subjects  of  every  state 
ought  to  contribute  toward  the  support  of  the  government  as 
nearly  as  possible  in  proportion  to  the  revenue  which  they  enjoy 
under  the  protection  of  the  state,"  the  question  may  be  asked: 
What    support    would    the    public     water     supply     contribute 
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toward  the  government  which  protects  it  and  under  which  it 
enjoys  its  revenue?  No  support  whatever,  but,  instead,  would  be 
a  burden  upon  the  taxpayer  because  of  the  special  immunity 
granted  it,  which  exempts  it  from  any  obligations  toward  the  sup- 
port of  the  municipality.  Through  this  it  is  an  indirect  burden 
upon  the  taxpayer. 

Suppose,  for  instance,  the  public  water  supply  belonged  to  a 
private  corporation,  and  that  this  corporation,  like  other  private 
corporations,  would  be  subject  to  taxation,  and  had  to  contribute 
toward  the  support  of  the  government,  the  amount  thus  contrib- 
uted would  lighten  the  burden  by  so  much  on  the  taxpayer.  On 
the  other  hand,  if  not  so  contributed,  it  would  be  collected  from 
the  general  taxpayer  by  the  levying  of  a  higher  tax  rate. 

As  an  illustration,  suppose  the  expenses  of  the  municipality,  for 
any  one  year,  were  $1  000  000,  and  that  the  private  corporation 
owning  the  public  water  supply  contributed  in  taxes  toward  this 
amount  $20  000,  the  remaining  taxpayers  would  be  called  upon 
to  contribute  only  $980  000 ;  whereas,  if  the  private  corpora- 
tion was  not  called  upon  for  a  contribution  the  total  amount  of 
$1  000  000  would  have  to  be  contributed  by  the  remaining  tax- 
payers, thus  placing  a  greater  burden  upon  them  to  the  amount 
of  $20  000. 

And  is  not  this  what  occurs  when  no  revenue  is  contributed 
toward  the  support  of  the  municipality  from  the  municipal  water 
supply  treasury?  Hence,  why  is  it  that  the  municipal  water  sup- 
ply, exempt  from  taxation,  or  all  government  obligations,  so  to 
sjieak,  is  a  burden  to  the  taxpayer? 

But  it  has  been  demonstrated  that  any  revenue  taken  arbitra- 
rily from  the  water  supply  treasury  and  contributed  toward  the 
support  of  the  municipality  would  be  an  injustice  to  the  water 
purchaser,  while  now  it  is  demonstrated  that  if  revenue  is  not  con- 
tributed from  the  public  water  supply  treasury  toward  the  support 
of  the  municipality  an  injustice  is  done  the  taxpayer. 

Thus  it  appears  as  if  the  proposition  was  reduced  to  an  ab- 
surdity. 

However,  this  is  not  the  case,  for  it  must  be  borne  in  mind  that 
the  discussion  on  the  first  part  of  the  proposition  is  based  upon. the 
hypothesis  that  the  water  supply  revenue  was  arbitrarily  appro- 
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priatecl  by  the  municipality  regardless  of  the  amount,  as  is  usually 
the  case. 

In  order,  therefore,  that  equity  might  be  established  between 
taxpayer  and  water  purchaser,  some  system  or  method  should  be 
adopted  that  would  do  justice  to  both. 

It  seems  that  the  plan  or  policy  to  adopt  would  be  the  imposing 
of  a  tax  upon  the  water  works  the  same  as  if  it  belonged  to  a  pri- 
vate corporation. 

The  writer  knows  of  no  municipality  where  this  has  been  system- 
atically done  except  in  the  city  of  Holyoke.  Here  by  special  act 
of  the  legislature,  the  water  works  are  assessed  in  the  same  manner 
as  all  private  property,  except  that  the  valuation  of  the  works  is 
not  left  to  the  discretion  of  the  government,  but  is  based  on  the 
total  cost  of  the  construction  of  the  works  less  the  depreciation,  as 
stated  in  the  report  of  the  water  commissioners  of  the  previous 
year. 

The  idea  of  using  the  cost  of  construction  taken  from  the  records 
as  the  valuation  of  the  works  was  adopted  upon  the  principle  that 
the  amount  of  the  tax  to  be  paid  should  in  no  sense  be  arbitrary, 
but  certain,  and  known  as  nearly  as  possible  ahead  of  time  so  as  to 
enable  the  water  commission  at  all  times  to  govern  their  expendi- 
tures. 

The  idea  was  also  adopted  in  order  to  prevent  the  government 
from  increasing  unduly  the  valuation  of  the  works,  a  thing  which 
might  never  be  attempted  —  yet  what  will  governments  not 
sometimes  attempt,  especially  when  large  deficits  have  to  be  met? 

The  water  works  charges  the  municipality  for  all  the  water  used 
by  it  in  its  various  departments  at  the  same  rates  charged  private 
consumers.  It  also  charges  for  fire  hydrant  service,  which  is  so 
much  per  public  hydrant  per  year,  and  is  a  fixed  sum  meant  to 
cover  only  the  first  cost  and  maintenance  of  the  hydrant. 

Since  this  plan  or  policy  was  adopted  and  put  into  operation, 
which  was  in  1901,  it  has  worked  most  satisfactorily  to  all  con- 
cerned. 

The  principles  upon  which  it  was  framed  can,  the  writer  believes, 
be  recommended  as  a  basis  for  the  equitable  adjustment  of  revenue 
raised,  not  only  from  the  municipal  water  supply,  but  from  all 
public  utilities  owned  and  operated  by  the  municipality. 
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DISCUSSION. 

Mr.  M.  N.  Baker.*  The  plan  outlined  as  adopted  by  the  city  of 
Holyoke  seems  to  be  unique  in  one  particular,  and  has  much  to 
commend  it  in  the  other  particulars  as  well.  So  far  as  I  know 
this  is  the  only  instance  in  this  country  where  a  municipality  has 
taxed  its  own  property.  It  seems  to  me  that  the  more  important 
principle  involved  is  that  of  making  each  department  of  the  mu- 
nicipality pay  for  the  water  used,  and  while  there  is  nothing  new  in 
that,  it  is  not  as  frequently  the  case  as  it  should  be,  as  all  people 
who  are  responsible  for  water  works  management  know  too  well 
to  their  sorrow.  It  seems  to  me  that  possibly  there  might  be  a 
little  difference  of  opinion  as  to  the  fundamental  principles  which 
should  govern  in  adjusting  these  matters  under  discussion.  The 
charges  for  a  public  water  supply  should  be,  I  think,  in  accord- 
ance with  the  benefits  received  and  not  in  accordance  with  the 
ability  of  the  person  who  has  to  pay.  I  think  there  is  a  funda- 
mental difference,  and  that  we  should  not  consider  this  as  we  do 
ordinary  taxation  for  municipal  purposes.  Perhaps,  however, 
the  idea  is  correct  in  its  application,  so  far  as  it  relates  to  the 
assessing  of  water  works  for  the  purposes  of  general  taxatioti. 

Mr.  Hugh  McLean.  It  seems  to  me,  Mr.  President,  that  Mr. 
Tighe's  conclusion  is  the  only  proper  solution  of  the  problem  of 
municipal  ownership  of  public  utilities,  so  far  as  the  question  of 
taxation  is  concerned.  For  instance,  in  the  beginning,  before  Hol- 
yoke adopted  a  municipal  water  supply,  private  individuals  owned 
the  water  works  and  the  property  was  taxed  and  a  revenue  was 
turned  into  the  city  from  that  tax.  When  the  city  adopted 
municipal  ownership  that  revenue  was  lost.  The  city  has 
branched  out  and  added  to  the  works  year  after  year,  and  in  doing 
so  has  taken  many  dollars'  worth  of  property  from  owners  who 
were  formerly  taxed  for  that  property,  and  the  money  they  paid 
in  taxes  went  into  the  city  treasury.  The  city  now  receives 
some  twenty-two  thousand  or  twenty-three  thousand  dollars  in 
taxes  from  her  water  department  in  consideration  of  the  value  of 
the  property  taken  from  individuals,  upon  which  they  formerly 
paid  taxes,  and  the  department  is  still  able  to  sell  water  at  a  lower 
rate  by  one  fifth  than  the  previous  owner  of  the  water  works  did. 

*  Associate  Editor,  Engineering  Nexrs,  New  York  City. 
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I  think  with  the  advancing  ideas  as  to  public  ownership  of  all 
quasi-public  utilities,  such  as  water  and  light  plants,  the  proper 
policy  is  to  apply  a  tax  as  the  city  of  Holyoke  has  to  her  water 
department. 

Mr.  George  A.  King.  As  I  understood  Mr.  Tighe,  the  tax  is 
assessed  upon  the  cost  of  the  works.  It  seems  to  me  that  that  is 
not  in  accordance  with  the  well-recognized  principle  that  the 
assessment  must  be  based  upon  the  actual  market  value. 
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ADDITIONAL  WATER  SUPPLY  FOR  NEW  YORK  CITY. 

BY    RUDOLPH   HERIXG,   CONSULTING    ENGINEER,   NEW  YORK,   N.  Y. 
[Read  September  U,  1904.] 

About  five  years  ago  it  became  apparent  that  the  sources  of 
water  supply,  then  supplying  Greater  New  York  to  the  extent  of 
about  370  000  000  gallons  daily,  would  soon  be  exhausted,  and 
during  a  drought  much  inconvenience  would  ensue.  As  it  would 
take  five  or  six  years  to  build  works  for  an  additional  supply,  the 
time  for  selecting  new  sources  was  therefore  close  at  hand. 

A  private  company,  known  as  the  Ramapo  Water  Company, 
thereupon  offered  to  enter  into  a  contract  to  supply  the  city  of 
New  York  with  200  000  000  gallons  of  water  daily  from  the 
Catskill  Mountains  for  a  term  of  forty  years,  at  a  fixed  rate  of 
seventy-nine  dollars  per  million  gallons,  — -  the  approximate  cost  of 
the  water  then  supplied  by  the  city  being  less  than  half  this  sum. 

As  there  was  much  doubt  regarding  the  wisdom  of  entering 
into  such  a  contract,  the  city  comptroller,  Mr.  B.  S.  Coler,  in  1899 
caused  an  investigation  to  be  rriade  into  the  present  water  sources 
of  the  city,  their  sufficiency  in  the  near  future,  the  best  means  of 
increasing  the  supply  and  the  advantages  and  disadvantages  of 
the  Catskill  sources  which  were  proposed  and  controlled  by  the 
Ramapo  Company.  The  Merchants'  Association  of  New  York, 
so'me  four  months  later,  and  through  a  special  committee  on 
water  supply,  began  a  similar  investigation.  Its  inquiry  was 
directed  toward  the  conditions  relating  to  the  present  and  future 
supplies  for  the  city  by  committees  on  engineering,  legislation, 
municipal  finance,  and  public  policy. 

These  two  efforts  resulted  in  the  issue  of  two  valuable  reports  in 
the  summer  of  1900.  The  first  of  them  concluded  that  the  present 
supply  of  Manhattan  and  the  Bronx,  with  prudent  management, 
would  be  ample 'until  1905,  and  recommended  immediate  steps 
for  taking  an  additional  supply  of  150  000  000  gallons  daily  at 
once,  and  later  500  000  000  gallons  daily,  from  the  Ten-Mile  and 
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Housatonic  rivers  in  Connecticut,  at  a  cost  of  about  fifteen  dollars 
per  million  gallons.  The  other  report,  in  view  of  prospective  legal 
difficulties  in  utilizing  the  waters  of  adjoining  states,  recommended 
that  an  additional  supply  be  taken  from  the  Hudson  River  at  a  cost 
.of  about  twenty-nine  dollars  per  milHon  gallons.  It  found  that  the 
boroughs  of  Brooklyn,  Queens,  Richmond,  and  the  Bronx  needed 
an  increase  of  water  supply  at  once,  and  Manhattan  in  less  than  ten 
years.  Other  than  the  conclusion  regarding  what  was  believed  to 
be  the  most  available  source,  the  two  reports  did  not  differ  materi- 
ally as  to  amounts  of  water  obtained  from  the  several  possible 
sources  and  the  cost  of  bringing  them  to  the  city.  Both  reports 
were  based,  however,  merely  on  a  few  months'  reconnoissance  of 
the  territory  with  the  aid  of  existing  maps,  and  founded  on  such 
limited  legal  and  other  investigations  as  time  and  funds  permitted. 
They  recommended  that  thorough  surveys  be  made  of  the  best 
sources  that  the  reconnoissance  had  revealed,  and  had  for  their 
main  purpose  the  clearing  up  of  the  chief  qviestions  concerning  the 
water  supply,  so  that  all  practicable  sources  for  the  future  could 
be  laid  before  the  community,  together  with  an  estimate  of  their 
costs,  and  so  that  those  projects  could  be  pointed  out  which  w^ere 
most  promising,  as  well  as  those  which  were  impracticable. 
Plate  I  is  a  general  map  of  the  sources  investigated. 

About  a  year  after  these  reports  had  been  made,  surveys  were 
begun  by  the  city,  but  were  limited  to  a  storage  basin  in  the  lower 
part  of  the  Esopus  watershed.  In  November,  1902,  however, 
Mayor  Low  appointed  a  commission  of  engineers  *  to  make 
thorough  surveys  of  the  entire  field  for  obtaining  an  additional 
water  supply,  and  this  commission  made  its  report  last  December. 
It  w^as  greatly  aided  by  the  work  that  had  been  done  during  the 
three  preceding  years;  otherwise  it  could  not  have  completed 
its  work  in  so  short  a  time. 

The  boroughs  of  Manhattan  and  the  Bronx  are  supplied  almost 
entirely  from  the  Croton  watershed,  having  a  drainage  area  of 
about  360  square  miles,  a  small  amount  being  supplied  from  the  22 


*  William  H.  Burr,  Rudolph  Hering,  and  John  R.  Freeman.  The  Department  Engi- 
neers under  this  commission  were  E.  G.  Hopson,  aqueducts;  Walter  H.  Sears,  Catskills; 
William  B.  Fuller,  filtration;  Geo.  C.  Whipple,  chemical  and  bacterial  work;  W.  E. 
Spear,  Long  Island  ground  water;  Will  J.  Sando,  pumping. 
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square  miles  of  the  Bronx  and  Byram  watersheds.  When  the  new 
Croton  dam  is  completed,  the  total  available  storage  capacity  of 
the  Croton  watershed  will  be  about  75  000  000  000  gallons.  The 
present  draft  from  this  supply  is  at  the  rate  of  about  275  000  000 
gallons  per  day,  and  about  13  000  000  gallons  daily  are  drawn 
from  the  Bronx  and  Byram  supplies.  Two  aqueducts  are  now 
available  for  conveying  water  to  the  city.  The  old  Croton 
aqueduct  has  a  capacity  of  80  000  000  gallons  per  day,  and  the 
new  one  300  000  000  gallons  per  day.  The  former  can,  however, 
scarcely  be  considered  available  at  the  present  time  except  as  a 
resort  in  case  of  emergency. 

The  last  three  years  have  been  phenomenally  wet,  and  the 
dangerous  shortage  of  the  water  supply  of  New  York  City  has 
thereby  been  obscured.  If  the  city  should  experience  one  year, 
or  particularly  two  years  in  succession,  of  drought  such  as  occurred 
six  and  seven  years  ago,  the  capacity  of  the  Croton  watershed 
would  now  be  almost  exhausted,  unless  the  waste  and  the  con- 
sumption were  restricted. 

The  borough  of  Brooklyn  procures  its  supply  from  the  surface 
waters  and  ground  waters  of  Long  Island  to  the  extent  of  over 
100  000  000  gallons  daily.  Some  of  the  surface  waters  are 
rapidly  becoming  so  polluted  that  they  will  not  be  safely  available 
much  longer,  while  others  could  be  made  safe  by  filtration.  About 
one  half  of  the  supply  is  taken  from  shallow  and  deep  wells 
penetrating  the  saturated  sands  underlying  the  surface  of  the 
southerly  portion  of  Nassau  County.  The  demands  of  Brooklyn 
'have  already  practically  exhausted  the  present  supply,  and 
additional  works  are  being  constructed  for  the  purpose  of  in- 
creasing the  supply  of  ground  water. 

The  needs  of  the  borough  of  Queens  are  probably  more  imme- 
diately pressing  than  are  those  of  any  other  part  of  the  metropolis. 
Its  present  supply  is  derived  from  ground  water  secured  from 
wells  driven  within  its  limits,  the  yield  being  both  insufficient  in 
quantity  and  some  of  it  not  satisfactory  in  quality.  It  is  impera- 
tive that  its  supply  should  be  increased  at  the  earliest  practicable 
date. 

The  borough  of  Richmond  is  also  in  need  of  an  improved  supply, 
which  it  is  not  practicable  to  obtain  within  its  own  limits.     Its 
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present  supply  is  from  tlriven  wells,  the  yield  of  some  of  which  is 
of  poor  quality,  and  in  all  of  them  insufficient  in  volume. 

As  regards  the  quantity  of  water  required  for  the  whole  metrop- 
olis and  for  which  present  provision  should  be  made,  the  last  com- 
mission fixed  on  500  000  000  gallons  per  day  as  a  proper  amount, 
which  is  little  more  than  doubling  the  present  supply.  It  decided 
also  that  proper  connections  should  be  made  between  all  of  the 
several  boroughs  so  that  a  temporary  deficiency  in  one  locality 
could  be  immediately  relieved  from  another. 

As  regards  the  quality  of  the  water  to  be  furnished,  the  com- 
mission took  the  advanced  view^  that  few,  if  any,  public  supplies 
of  surface  water  are  of  a  sufficiently  high  degree  of  excellence  to 
obviate  the  necessity  of  purification.  It  therefore  recommended 
the  artificial  filtration  of  all  of  the  surface  waters  which  would  be 
needed,  and,  so  far  as  practicable,  the  use  of  all  available  ground 
water  or  spring  water,  which  is  naturally  filtered  water.  The 
only  locality  where  the  latter  supply  is  practicable  is  Long  Island, 
where  large  quantities  of  ground  water  are  available. 

At  the  outset  the  commission  was  instructed  by  the  corporation 
counsel  that  for  the  purpose  of  avoiding  interstate  litigation  and 
serious  delays,  the  investigation  should  be  confined  to  waters 
available  within  the  state  of  New  York.  No  further  studies  were 
therefore  made  of  interstate  streams  such  as  Ten-Mile  River, 
Housatonic  or  Walkill  sources,  which  heretofore  had  been  gen- 
erally recognized  as  the  most  economical  sources  of  supply  for 
New  York  City. 

The  wide  scope  of  the  investigation  to  be  undertaken  made  it 
necessary  to  appoint  a  large  force  of  engineers,  biologists,  chemists, 
and  others,  and  to  divide  the  work  practically  into  seven  parts,  as 
follows : 

1.  Present  waste  of  water. 

2.  Pumping  stations. 

3.  Chemical  and  biological  work. 

4.  Supplies  beyond  the  Croton. 

5.  Aqueducts  and  reservoirs. 

6.  Filtration. 

7.  Long  Island  supply. 
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WASTE    OF    WATER. 

When  the  commission  began  its  labors  the  Department  of 
Water  Supply,  Gas  and  Electricity  had  already  started  upon  a 
systematic  investigation  of  the  subject  of  water  waste  in  typical 
districts  by  means  of  the  pitometer,  an  instrument  recently 
perfected  and  made  convenient  for  practical  use.  The  methods 
adopted  received  the  hearty  approval  of  the  commission,  and  as 
such  work  was  more  conveniently  conducted  through  the  regular 
channels  of  the  department,  this  subject  was  considered  by  the 
commission  only  in  the  results  thus  obtained. 

It  was  obviously  impossible  within  the  time  and  means  available 
to  explore  the  main  and  service  pipes  and  house  plumbing  through- 
out the  entire  city.  Typical  districts  were  therefore  selected  in 
different  parts  of  the  city.  These  comprised  the  principal  hotel 
district,  with  a  large  transient  population;  two  residential  dis- 
tricts with  houses  of  an  expensive  class ;  two  East  Side  tenement- 
house  districts;  two  large  downtown  commercial  districts  having 
a  large  day  population  but  a  small  night  population;  and  a  few 
others  of  intermediate  grades. 

There  were  two  distinct  branches  of  inquiry,  one  along  the 
street  mains  and  the  other  along  the  house  pipes,  or  plumbing. 
The  first  comprised  a  measurernent  of  the  quantity  of  water 
delivered  daily  into  each  district  and  observations  of  its  rate  of 
draft  continuously,  day  and  night,  so  that  the  mean  rate  of  flow 
in  working  hours  could  be  compared  with  that  of  the  quietest  hour 
of  the  night,  and  also  on  Sunday.  The  second  inquiry  comprised 
an  inspection  and  search  for  leaky  plumbing  fixtures  in  each 
house  of  the  district,  including  a  measurement  of  the  rate  of  each 
leak  where  possible. 

The  measurements  were  supplemented  by  an  examination  of 
the  rate  of  flow  after  midnight  in  the  sewers  of  the  district,  in  the 
course  of  which  the  spur  from  every  building  was  inspected  for 
signs  of  leakage,  so  far  as  practicable.  The  inspector  reported 
that  the  night  sewer  flow  in  most  sections  was  surprisingly  small, 
indicating  that  the  night  consumption  of  water  was  largely  due 
to  the  refilling  of  tanks  on  buildings. 

Unfortunately,  peculiar  conditions  did  not  permit  the  district 
measurements  to  be  made  as  elaborately  in  detail  as  has  been 


HERING.  365 

found  practicable  in  other  cities.  It  was  not  practicable  to  shut 
down  the  pipes  as  completely  as  necessary,  as  damage  might  be 
caused  in  various  ways.  There  is  also  a  universal  absence  of  curb 
stop  cocks  on  the  service  pipes  of  the  buildings,  so  that  they  covild 
not  be  shut  off  along  the  street  after  midnight.  The  extensive  use 
of  large  house  tanks  interfered  with  the  interpretations  of  the 
measurements.  The  absence  of  ball  cocks  on  the  feed  pipes  on 
many  house  tanks  permitted  them  to  overflow  in  amounts  which  it 
was  difficult  to  estimate. 

Notwithstanding  these  limitations,  a  large  amount  of  valuable 
information  has  been  secured. 

The  leakage  from  the  mains  was  found  to  be  much  less  than 
heretofore  supposed.  The  main  sources  of  waste  are  probably 
leaky  plumbing  fixtures,  the  overflow  of  tanks  not  provided  with 
ball  cocks,  defective  plumbing  design,  and  abandoned  service  pipes. 
The  reduction  of  this  waste  can  be  effectively  aided  by  the  use 
of  meters,  which  tend  to  make  each  householder  an  inspector  of 
leaks,  thus  bringing  prompt  remedy  for  all  obvious  waste  from 
leaky  fixtures.  The  commission  strongly  recommended  that  the 
use  of  meters  be  extended  to  other  classes  of  buildings  than  those 
now  metered,  particularly  to  the  large  modern  apartment  houses. 
The  investigation  also  demonstrated  the  necessity  of  considering 
the  great  transient  population  of  the  city  in  accounting  for  the 
per  capita  consumption.  It  was  estimated  that  about  600  000 
people  enter  Manhattan  daily,  and  that  while  the  per  capita  use 
and  waste  of  Manhattan  is  129  gallons  per  day  if  based  on  the 
resident  population,  it  becomes  only  100  gallons  per  da.y,  a  far 
more  reasonable  amount,  if  based  on  the  combined  resident  and 
non-resident  population. 

In  some  districts  the  differences  were  still  greater.  In  the 
resident  and  hotel  district  of  Manhattan  the  daily  per  capita 
consumption  was  found  to  be  175  gallons,  based  upon  the  resident 
population,  and  121  gallons  when  based  upon  the  combined 
population.  In  the  entire  territory  below  Fulton  Street,  filled 
with  office  and  commercial  establishments,  the  per  capita  con- 
sumption was  860  gallons  per  day  when  based  upon  the  resident 
population,  and  only  83  gallons  per  day  when  based  upon  the 
combined  population. 
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By  such  discriminations  a  much  more  correct  appreciation  is 
obtained  regarding  the  use  and  waste  of  water,  and  the  latter  has 
not  been  found  to  be  so  great  as  has  been  supposed  in  some  quar- 
ters. Nevertheless,  it  is  possible  and  practicable  by  the  extension 
of  the  use  of  meters  to  save  a  large  proportion  of  the  water  now 
wasted. 

PUMPING    STATIONS. 

A  useful  part  of  the  investigation  made  last  year  related  to  the 
examination  of  the  existing  pumping  stations,  resulting  in  recom- 
mendations which  would  materially  improve  the  operation  and 
save  a  large  sum  of  money  which  is  now  annually  spent  for  the 
pumping  of  water. 

Although  the  Croton,  Bronx,  and  Byram  supplies  are  by  gravity, 
about  20  per  cent,  of  this  water  is  now  pumped  to  supply  buildings 
on  high  ground.  All  of  the  water  used  in  Queens  borough  and 
Brooktyn  must  be  pumped.  Greater  New  York  maintains  32 
pumping  stations,  with  86  pumps,  lifting  about  160  000  000 
gallons  daily,  or  over  two  fifths  of  the  whole  supply.  There  are 
about  400  men  on  the  pumping  station  pay  rolls,  and  about  75  000 
tons  of  coal  are  burned  annually. 

The  examination  showed  that  while  some  of  this  pumping 
work  was  done  well,  much  was  not  done  efficiently.  Detailed 
investigations  were  being  made  by  the  chief  engineers  of  the 
boroughs,  which,  together  with  the  commission's  investigation 
as  to  improvement  in  the  machinery,  indicated  that  in  the  oper- 
ating expenses  annually  about  $50  000  could  be  saved  in  the 
boroughs  of  Manhattan  and  Queens;  and  in  Brooklyn,  by  using 
electric  motors  for  the  numerous  low-lift  well  plants,  to  be  operated 
from  a  central  station,  it  was  estimated  that  about  $90  000  per 
annum  could  be  saved.  Other  economies  at  Gravesend,  New 
Utrecht,  Milburn,  and  Richmond,  by  consolidating  the  Mt.  Pros- 
pect station  with  the  Ridgewood  station,  as  proposed  by  the  chief 
engineer  of  the  borough,  would  result  in  a  further  saving  of  over 
$100  000  per  year. 

CHEMICAL    AND    BIOLOGICAL    WORK. 

This  branch  of  the  work  was  organized  early,  for  the  purpose 
of  collecting  samples  of  the  winter  and  spring  flood  waters  in  all 
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the  streams  that  might  be  available  for  the  proposed  additional 
supply.  The  work  was  conducted  chiefly  at  the  Mt.  Prospect 
laboratory,  Brooklyn,  and  at  a  field  laboratory  located  at  Pough- 
keepsie.  This  department  made  such  chemical  and  biological 
analyses  and  such  other  investigations  and  inspections  as  were 
necessary  to  determine  the  sanitary  quality  and  general  fitness  of 
all  of  the  sources  which  the  commission  found  available,  and  made 
a  comparison  of  these  various  waters  with  the  present  water 
supply  of  the  city.  Its  work  included  important  investigations 
on  the  phenomena  of  capillarity,  percolation,  and  soil  moisture, 
chiefly  with  reference  to  studies  of  the  ground  water  of  Long 
Island. 

The  territory  covered  by  these  investigations  comprised  the 
western  two  thirds  of  Long  Island,  and  extended  along  the 
Hudson  River  to  the  head  waters  of  its  upper  tributaries.  Occa- 
sional samples  were  also  taken  from  the  Housatonic,  Ten-Mile, 
Walkill,  and  other  streams  for  comparison.  The  entire  territory 
covered  was  more  than  15  000  square  miles.  Between  January  1 
and  October  31  more  than  9  000  samples  of  water  were  examined 
at  Poughkeepsie,  and  5  700  at  the  Mt.  Prospect  laboratory. 

Among  the  more  interesting  results  found  by  this  department 
was  the  fact  that  a  comparison  of  the  rainfall  and  stream 
flow  observations  showed  that  typhoid  fever  is  most  frequent  in 
dry  years,  when  the  reservoirs  are  most  heavily  drawn  upon,  and 
that  with  an  increased  storage  capacity  on  the  watersheds  there 
has  been  a  tendency  for  typhoid  death-rates  to  diminish. 

The  analyses  have  shown  that  the  ground  water  supplies  of 
Long  Island  are  substantially  free  from  pollution  dangerous  to 
health,  or,  in  other  words,  the  natural  filtration  which  these 
waters  receive  in  their  passage  through  the  ground  purifies  them 
so  that  they  are  safe,  notwithstanding  that  considerable  sources 
of  pollution  lie  in  their  path.  Bacteriological  and  microscopical 
examinations  were  made  of  all  the  waters,  and  have  given  much 
information  to  aid  judgment  in  selecting  and  treating  the  same 
for  domestic  supplies. 

Physical  examinations  were  made,  relating  to  temperature, 
turbidity,  color,  and  odor. 

Chemical  anal3^ses  assisted  in  this  work  by  indicating  previous 
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])()llution  by  an  excess  of  chlorine,  or  by  the  amount  and  character 
of  nitrogenous  matter  present,  and  also  in  determining  the  hard- 
ness of  the  water  and  its  effect  when  used  in  steam  boilers. 

Among  the  qualities  which  were  recorded  as  essential  for  the 
new  water  supply,  the  following  were  deemed  most  important: 

1.  Freedom  from  pollution  or  from  organisms  capable  of 
producing  disease  or  discomfort. 

2.  Freedom  from  odor,  or  from  noticeable  turbidity  or  color. 

3.  Softness. 

4.  Freedom  from  iron  in  solution. 

5.  Freedom  from  substances  liable  to  corrode  metal  work, 
either  in  boilers  or  in  service  pipes. 

6.  A  cool  and  equable  temperature,  if  })racticable. 

Careful  investigations  were  made  of  the  waters  regarding  these 
qualities,  and  the  final  recommendations  kept  them  in  view  so  far 
as  practicable. 

Thirty-four  stations  were  established  along  streams  for  making 
sanitary  observations,  to  secure  representative  samples,  and 
inspection  tours  were  made  over  the  drainage  areas  to  determine 
the  sources  of  pollution,  the  character  of  vegetation,  the  extent 
of  cultivation  of  the  land,  the  appearance  of  the  banks  of  the 
streams,  and  the  general  topographical  and  geological  features. 
The  completeness  of  these  investigations  varied  with  the  prob- 
ability of  the  water  being  used.  A  sanitary  survey  was  made  of 
the  drainage  areas  of  the  Fishkill  Creek,  Wappinger,  Roeliff 
Jansen  Kill,  the  Ksopus,  Catskill,  Schoharie,  and  Rondout  creeks, 
to  secure  reliable  data  concerning  the  number  of  transient  popu- 
lation along  these  streams,  the  number  and  size  of  summer  hotels, 
the  character  of  the  villages,  and  their  method  of  sewage  disposal. 
Inspectors  counted  the  houses  and  located  them  on  maps,  and 
estimated  the  number  of  summer  boarders.  Sources  of  pollution 
were,  of  course,  noted  and  located. 

The  question  of  filtering  the  Hudson  River  water  near  Pough- 
keepsie  required  a  careful  study  of  the  tributaries  above  that 
point.  The  Adirohdack  streams  were  free  from  pollution,  cori- 
si>icuously  free  from  turbidity,  even  during  spring  freshets,  and 
Avere  very  soft.     But  the  water  is  about  twice  as  dark  as  the 
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Crotoii  water,  dur  to  the  i)resciicc  ou  the  watershed  of  many 
swami)s.  The  Battenkill,  the  Hoosac  and  Mohawk  rivers  were 
found  to  be  polluted,  and  their  waters  hard  and  at  times  turbid. 
The  Walkill  was  found  to  be  decidedly  hard  and  discolored  by  the 
extensive  swamps  and  peat  deposits  of  the  so-called  "  Drowned 
liUiids.''  The  Esopus  and  Kondotit  creeks  were  found  most 
attractive  in  quality  by  reason  of  tiieir  extreme  softness.  The 
drainage  areas  of  all  these  mountain  streams  are  sparsely  popu- 
lated, and  although  they  contain  many  summer  hotels  and  cottages 
these  can  be  made  unobjectionable  from  a  sanitary  standpoint  by 
a  comparatively  small  expenditure  for  sewage  (lis{)osal  j)lants  in 
these  villages  and  summer  colonies. 

The  drainage  areas  east  of  the  Hudson  are  also  sparsely  popu- 
lated, but  their  water  is  about  two  and  a  half  times  as  hard  as  that 
of  the  Croton,  while  the  Esopus,  Rondout,  and  Schoharie  creeks 
have  water  twice  as  soft  as  the  Croton. 

The  Hudson  River  water  was  made  the  subject  of  very  full 
studies.  The  averages  of  many  analyses  show  that  the  ciuality 
of  this  water  near  the  proposed  intake  would  be  about  the  same  as 
that  taken  between  Albany  and  Troy,  and  that  it  can  be  made  at 
least  equally  satisfactory  by  filtration.  It  was  found  that  the 
additional  pollution  which  the  river  receives  at  Albany  is  more 
than  offset  by  the  dilution  from  the  volumes  of  water  entering  from 
the  tributaries  below.  The  commission  expressed  the  opinion 
that  with  proper  precautions  the  water  taken  from  the  Hudson 
River  near  Plyde  Park  can,  by  means  of  filtration,  be  rendered 
entirely  palatable  and  safe  for  drinking,  domestic,  and  industrial 
purposes. 

With  the  view  to  locating  the  proposed  pumping  station  on  the 
Hudson  River  at  a  distance  above  the  j)oint  to  which  the  tide 
might  carry  salt  water,  under  extreme  conditions  of  drought  and 
wind,  an  extended  series  of  observations  .was  made.  Automatic 
tide  gages  were  located  at  Yonkers,  Oscawanna,  West  Point, 
Poughkeepsie,  and  Rhinebeck.  From  a  review  of  all  the  records 
and  examinations  it  appeared  that  a  location  near  Hyde  Park 
could  be  made  safe.  But  during  the  season  of  extremely  low 
rainfall,  like  that  of  1883  or  1891,  and  in  order  to  prevent  at  such 
times  the  salt  water  from  rising  up  above  Poughkeepsie,  storage 
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reservoirs  in  the  Adirondacks  would  be  required  to  augment  the 
low  summer  flow,  and  thus  keep  down  the  salt  water.  Such 
reservoirs  incidentally  would  increase  the  summer  flow  of  the 
upper  streams  and  increase  their  natural  water  power. 

SUPPLIES    BEYOND    THE    CROTON. 

As  already  stated,  the  waters  from  the  Esopus  and  Rondout 
creeks  in  the  Catskill  Mountains  were  the  best  in  quality  of  all 
the  small  streams  investigated.  They  are  unusually  soft,  and 
contain  as  little  pollution  as  is  usual  in  such  streams.  Whatever 
turbidity  occasionally  appears  in  them  after  heavy  storms  was 
found  to  arise  from  clay  banks,  which  can  readily  be  eliminated 
by  protecting  them  against  erosion. 

On  the  Esopus  Creek,  at  the  point  called  Olive  Bridge,  about 
13  miles  west  of  Kingston,  there  is  an  excellent  dam  site  for  a 
larger  reservoir  than  ever  yet  has  been  constructed  for  storage 
purposes  in  connection  with  municipal  water  supply.  This 
reservoir  as  planned  has  an  area  of  nearly  6  000  acres,  or  about 
9^  square  miles,  and  the  elevation  of  its  high  water  surface  is  560 
feet  above  tide  water.  Its  capacity  is  65  000  000  000  gallons,  or 
nearly  as  great  as  that  of  all  the  Croton  reservoirs  combined. 

This  watershed  is  characterized  by  extensive,  steep  mountain 
slopes,  with  wooded  areas  of  such  character  that  it  gives  a  large 
yield,  of  good  water.  It  was  found  that  it  could  be  counted  upon 
as  yielding  250  000  000  gallons  per  day.  On  the  east  side  of  the 
Hudson  River  the  three  drainage  areas  investigated,  namely, 
Fishkill,  Wappinger,  and  Roeliff  Jansen  Kill,  were  capable  of 
yielding  about  the  same  quantity  of  water,  giving  a  total  supply 
of  about  500  000  000  gallons  per  day.  Instead  of  using  the 
Jansen  Kill,  the  water  of  which  is  somewhat  hard,  it  would  be 
preferable  to  substitute  the  soft  waters  of  Rondout  Creek. 

The  commission  suggested  that  the  Esopus  Creek  waters 
should  be  brought  down  directly  to  Stormville  as  soon  as  prac- 
ticable after  the  completion  of  the  main  aqueduct  between  Storm- 
ville and  New  York  City.  It  was  recognized  that  the  waters  of 
the  Fishkill  would  be  the  least  expensive  to  be  secured  by  the 
city,  but  as  they  are  somewhat  harder  than  those  of  the  Croton 
supply,  the  commission  recommended  that  the  large  reservoir 
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for  the  Esopus  water  should  at  once  be  constructed,  so  that  this 
soft  water,  by  minghng  with  the  waters  of  the  Fishkill  and  Wap- 
pinger  creeks,  would  leave  a  desirable  softness  to  the  mixture. 

AQUEDUCTS    AND    RESERVOIRS. 

Careful  studies  were  made  to  show  the  best  routes  along  which 
aqueducts  could  bring  the  waters  from  north  of  the  Croton  basin 
to  the  city.  After  careful  consideration  it  was  determined  to 
build  a  single  aqueduct  of  a  capacity  of  500  000  000  gallons  per 
day  rather  than  to  build  two  smaller  ones.  The  aqueduct  was 
given  the  usual  shape,  with  the  greatest  width  near  the  bottom. 
The  interior  vertical  diameter  was  made  18  feet  6  inches,  and  the 
maximum  width  19  feet,  at  about  one  quarter  the  height  from  the 
bottom. 

In  studying  the  various  lines  and  purposes  of  supply  it  was 
also  determined  that  the  next  aqueduct  to  be  built  should  be  at  a 
high  elevation,  discharging  into  a  reservior  near  the  northern  city 
line  which  was  called  the  Hill  View  reservoir,  at  an  elevation  of 
about  three  hundred  feet  above  the  Hudson  River.  This  aqueduct 
would  supply  all  the  high  level  districts  to  which  water  now  must 
be  raised  by  pumps. 

It  would  require  a  tunnel  nearly  nine  miles  in  length,  which  it 
w^ould  take  four  or  five  years  to  build.  This  tunnel  would  be 
necessary  for  all  sources  beyond  that  of  the  Croton. 

FILTRATION. 

The  advance  of  knowledge  in  the  filtration  of  public  water 
supplies,  the  experience  now  available  regarding  the  efficient  and 
economical  methods  of  such  filtration,  and  the  late  demonstrations 
of  the  sanitary  value  of  properly  filtered  water  in  reducing  sickness 
and  death-rates,  particularly  in  cases  of  typhoid  and  diarrhoeal 
diseases,  convinced  the  commission  that  all  waters  to  be  secured 
hereafter  should  be  either  naturally  filtered,  such  as  spring  or 
ground  waters,  or  artificially  filtered  according  to  the  most 
efficient  process. 

Several  methods  of  filtration  were  carefully  examined  with 
reference  to  the  local  conditions  existing  at  New  York,  and  the 
commission  recommended  for  the  large  additional  supply  the 
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slow  system  of  sand  filtration  which  is  practiced  quite  generally 
in  Europe  and  also  to  some  extent  already  in  this  country.  A 
careful  search  was  made  for  the  best  locations  for  such  filter 
plants,  and  designs  were  made  for  such  filters  at  Stormville,  on 
the  Fishkill  watershed,  for  filtering  the  additional  supply,  and 
examinations  were  also  made  for  sites  not  far  from  Tarrytown  to 
filter  the  present  Croton  water. 

LONG    ISLAND    SUPPLY. 

A  number  of  examinations  were  also  made  regarding  the 
ground- water  supplies  of  Long  Island,  and  this  water  was  found  to 
be  very  satisfactory,  with  proper  and  usual  precautions. 

The  commission  recommended  that  the  supplies  for  Brooklyn 
and  Queens  should  be  increased  by  a  further  development  of  the 
ground-water  supply.  Careful  and  extensive  surveys  were  made 
over  Long  Island  for  this  purpose. 

The  sources  of  all  ground  waters,  as  well  as  of  surface  waters, 
is  the  rainfall.  In  order  to  ascertain  the  quantity  available  it  is 
necessary  first  to  determine  the  quantity  of  rainfall  and  its  dis- 
tribution. After  the  water  has  fallen  to  the  ground,  one  part 
flows  off  immediately  upon  the.  surface  into  natural  depressions 
of  the  land,  and  thence  into  streams  and  rivers.  Another  part  is 
retained  for  some  time  by  the  vegetation;  another  part  is  evapo- 
ratetl  from  plants,  water  and  land  surfaces,  and  still  another  part 
percolates  into  the  soil  if  this  is  permeable.  Of  the  latter,  some 
is  absorbed  by  the  roots,  some  is  evaporated  on  the  surface, 
some  is  held  in  the  ground  by  capillarity,  and  some  descends  into 
the  ground  until  it  reaches  a  plane  of  saturatiori.  Below  this 
plane  is  accumulated  within  the  interstices  of  rocks  and  soils  a 
large  quantity  of  ground  water  which  percolates  through  the 
pores  to  the  lowest  levels,  where  it  can  escape  as  spring  water 
into  streams,  lakes  or  the  ocean.  Each  of  these  parts  was  con- 
sidered so  far  as  practicable  with  reference  to  the  conditions  on 
Long  Island. 

A  large  number  of  existing  wolls  were  examined,  and  many 
new  wells  were  driven  in  order  to  ascertain  the  level  of  the  ground 
water,  its  depth,  its  oscillations,  and  its  flow.  Studies  were  made 
on  evaporation  and  percolation.     The  levels  of  the  water  surfaces 


HRRING.  373 

were  observed  at  frequent  intervals  in  over  1  000  existing  wells, 
and  in  over  300  new  wells  which  were  driven  by  the  department. 
Over  2  000  sets  of  samples  of  soil,  found  in  these  wells,  were  ex- 
amined and  classified.  Altogether  over  37  000  ground- water 
observations  were  taken  upon  an  area  which  extended  over  1  000 
square  miles. 

The  commission  concluded  that  an  ample  supply  of  about 
150  000  000  gallons  of  ground  water  could  be  obtained  daily  from 
Long  Island,  enough  to  justify  a  material  extension  of  the  present 
system,  and  that  this  quantity  should  be  brought  to  the  city 
through  conduits  properly  located  and  provided  with  pumping 
stations  along  their  course,  so  as  to  allow  the  ground  water  to 
flow  into  them  by  gravity  through  appropriate  wells  placed  at 
one  side  of  them  as  frequently  as  the  water  yield  of  the  soil  in  the 
particular  locality  would  permit,  and  that  their  depth  should  be 
sufficient  to  penetrate  the  saturated  gravels  of  Long  Island  at 
least  30  feet  below  the  surface.  After  exhausting  the  available 
island  supplies  a  further  increase  should  be  obtained  from  Man- 
hattan. 

The  borough  of  Richmond  should  at  first  be  suppHed  with 
water  from  New  Jersey  by  a  private  company,  with  which  a 
favorable  contract  was  being  considered,  and  later  it  should 
receive  its  water  from  or  by  way  of  Long  Island. 

The  commission  further  recommended  that  Manhattan  and  the 
Bronx  should  be,  as  heretofore,  furnished  with  Croton  water,  but 
after  it  had  first  been  filtered.  The  additional  supply  for  these 
two  boroughs  should  be  brought  through  the  new,  high  level 
aqueduct,  which  would  extend  to  the  new  watersheds  beyond  the 
Croton.  The  main  and  best  supplies  which  this  aqueduct  could 
bring  to  the  city  are  the  Esopus  and  Rondout  creeks  in  the 
Catskill  and  Shawungunk  mountains. 

To  obtain  the  additional  supply  at  once  from  the  Hudson  River 
above  Poughkeepsie  was  found  to  be  somewhat  less  expensive, 
including  the  expense  of  filtering  and  pumping  to  the  present 
reservoir,  than  to  secure  any  water  from  the  Esopus  and  Rondout 
creeks.  But  the  commission  believed  that  the  latter  sources, 
from  the  excellent  character  of  the  water  and  the  delivery  by 
gravity  at  a  high  elevation,  had  advantages  which  made  them 
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preferable  at  the  present  time.  The  longer  the  time  before  they 
could  be  secured  and  developed,  the  more  difficult  it  would  become 
to  procure  the  necessary  reservoir  sites  and  water  rights.  It  was 
therefore  deemed  best  to  secure  them  at  first,  as  the  Hudson 
water  would  always  remain  available  for  a  later  increase.  There 
are  no  water  rights  which  attach  to  it  and  no  expensive  storage 
reservoirs  would  be  necessary.  The  economy  and  excellence  of 
the  filtered  Hudson  supply  will,  moreover,  hold  in  check  all 
excessive  demands  against  the  city  by  private  parties  for  water 
along  the  high  level  streams.  It  will  become  the  most  available 
source  after  the  growth  of  the  city  has  reached  the  limit  of  the 
neighboring  gravity  supplies,  and  can  be  relied  upon  to  furnish 
perhaps  1  200  000  000  gallons  per  day  during  the  driest  years. 

To  obtain  water  from  so  great  a  distance  as  the  Adirondack 
Mountains  or  Lake  Erie  would  be  very  expensive,  on  account  of 
the  long  aqueducts,  and  this  expense  is  wholly  unnecessary  and 
unwarranted,  both  as  regards  quality  and  quantity  of  the  water 
that  would  be  secured.  Modern  filtration  works,  even  when 
applied  to  a  moderately  polluted  river  water,  can  produce  a 
quality  equal  to  the  average  ground  or  spring  water,  and  the 
quantity  available  above  Poughkeepsie  would  be  greater  than 
that  available  in  the  Adirondacks. 

The  city  of  Greater  New  York  can  be  congratulated  upon  the 
fact  that  it  has  at  its  command  from  several  sources  so  abundant 
a  supply  of  good  water  which  can  be  brought  to  it  at  a  reasonable 
cost. 
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A   WOOD-STAVE  CONDUIT  FOR  THE  WATER  SUPPLY 
OF  ATLANTIC  CITY. 

BY  KENNETH   ALLEN,   ENGINEER  AND   SUPERINTENDENT  OF  WATER 
WORKS,    ATLANTIC    CITY,    N.    J. 

[Read  September  IS,  1904-] 

Among  other  types  of  construction  that  their  conservative 
brother  of  the  East  might  hesitate  to  acloj^t  without  previous 
experience,  western  engineers  have  demonstrated  the  adaptability 
of  wood-stave  construction  for  water  pipes  carrying  all  but  very 
high  pressures.  Sufficient  experience  has  been  had  to  establish 
their  durability,  ease  of  construction,  and  comparative  cheapness, 
so  that  more  or  less  work  of  this  kind  is  now  being  undertaken  in 
the  East,  notably  about  106  000  lineal  feet  of  30-inch  pipe  for  the 
water  supply  of  Lynchburg,  Va. 

Since  1892  the  main  water  supply  for  Atlantic  City  has  been 
brought  from  the  storage  reservoir  to  a  small  reservoir  or  basin 
near  the  Absecon  Pumping  Station  —  a  distance  of  about  two 
miles  —  by  an  open  ditch  or  canal.  When  in  good  condition 
this  canal  would  deliver  about  eight  million  gallons  per  day,  but, 
owing  to  erosion  and  deposits  and  the  rapid  growth  of  aquatic 
vegetation,  its  capacity  at  times  in  summer  was  probably  not  over 
five  or  six  million  gallons  per  day.  Streams  were  crossed  by 
wooden  flumes  and  their  banks  were  protected  by  wooden  abut- 
ments and  wings.  These  structures  were,  of  course,  in  continual 
process  of  decay,  and  their  failure  was  liable  to  cause  interruption 
to  the  water  supply  of  the  city.  This,  in  fact,  actually  happened 
during  the  height  of  the  season,  in  August  of  1903,  when  the  city 
was  crowded  with  pleasure  seekers,  and  resulted  in  draining  the 
reservoir  and  cutting  down  the  pressure  in  the  city  to  twenty 
pounds  per  square  inch.  Fortunately,  several  new  artesian  wells 
were  available  or  the  condition  would  have  been  yet  more  serious. 

Again,  there  was  constant  danger  from  the  burrowing  of  musk- 
rats,  and  no  little  vigilance  was  required  to  prevent  destruction 
of  the  banks  from  their  borings. 
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Finally,  in  spite  of  precautions  to  maintain  the  banks,  there 
was  always  the  possibility  of  a  long-continued  northeast  storm 
combined  with  flood  tides  backing  up  the  water  in  the  adjacent 
marshes  until  the  salt  water  would  flow  over  the  banks  of  the 
canal.  This  also  occurred  in  the  spring  and  fall  of  1903,  but  by 
confining  the  salt  water  in  the  canal  and  drawing  it  off  at  low  tide 
it  was  fortunately  possible  to  prevent  its  entrance  to  the  city 
mains. 

It  will  be  admitted  that  this  was  a  somewhat  hazardous  con- 
dition to  be  maintained.  The  department  was,  however,  fortu- 
nate enough  to  secure  bonds  for  replacing  the  canal  with  a  closed 
conduit,  and  after  comparative  estimates  it  was  decided  to  con- 
struct this  of  wood  staves.  The  following  are  some  of  the  principal 
data  employed  in  the  design : 

DATA 

Normal  elevation  of  water  surface  in  reservoir  above  mean  tide,  -(-5.20 

Ordinary  elevation  of  water  surface  in  basin,  from    ....    -|- 2  50  to -f- 3. 50 

Diameter  of  conduit 42  in. 

Total  length   of  tangents 8  610.2  ft. 

Length  of  conduit  in  one  9°  curve       238.3  ft. 

Length  of  conduit  in  nine  24°  cur\es 958.9  ft. 

Total  length  of  conduit 9  807.4  ft. 

Gradient 0.016% 

Minimum  capacity,  estimated 8  millions  gals,  per  day 

Maximum  capacity,  estimated 12  millions  gals,  per  day 

It  was  decided  to  locate  the  conduit  as  far  as  possible  in  the  bed 
of  the  old  canal,  partly  to  facilitate  the  work,  partly  because  this 
was  in  the  center  of  the  right-of-way,  and  also  in  order  to  permit 
the  water  supply  to  be  utilized  in  case  of  accident  to  the  artesian 
well  supply  or  of  any  unusual  demand  on  account  of  fire  or  other- 
wise. Such  a  contingency  did,  in  fact,  arise  more  than  once  during 
the  construction  of  the  work.  For  the  same  reason  it  was  con- 
cluded to  construct  the  pipe  in  the  trench  instead  of  lowering  it 
from  a  higher  level. 

Fig.  1  is  a  profile  on  the  line  of  the  conduit. 

It  was  assumed. that  material  excavated  would  all  be  used  in 
backfilling,  the  volume  of  this  being  calculated  from  cross-sections 
taken  not  over  one  hundred  feet  apart;  and  the  specifications 
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called  for  a  lump  sum  bid  for  the  earthwork  required  for  the  con- 
duit based  on  the  volume  of  backfill  (estimated  at  7  850  cubic 
yards),  a  price  per  cubic  yard  for  excavation  for  foundations  of 
gate  chamber  and  culverts,  and  thirty  cents  per  cubic  yard  for 
any  extra  excavation  that  might  be  required. 

The  method  of  construction  of  the  conduit  is  shown  in  Fig.  3. 

The  spacing  of  bands  twelve  inches  apart  was  determined  by  the 

formula  d  =  ^  ^    , ~  in  which 

P  R  +  e  t 

S  =  safe  working  strength  of  ^-inch  band  in  pounds =3  000 

P  =  maximum  static  pressure  in  conduit  in  pounds  per  sq.  in.  .  =  4 
d  ^  spacing  in  inches. 

R  —  inside  radius  of  pipe  in  inches =21 

e  =  swelling  force  of  wood  per  square  inch  in  pounds =  100 

t  =  thickness  of  staves  in  inches =1  625 

On  other  than  straight  cyhndrical  pipe  the  spacing  was  reduced 
to  nine  inches. 
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Fig.  3.     Section  of  Coxduit,  Showing  Method  of  Construction. 

The  following  extracts  from  the  specifications,  together  with 
the  details  reproduced  in  Figs.  2  and  6,  will  indicate  the  general 
character  of  the  work: 


'^ Staves.  The  quality  of  the  lumber  used  for  staves  is  con- 
sidered of  prime  importance  and  will  be  subject  to  rigid  inspec- 
tion. Staves  of  material  or  shape  not  conforming  in  every  respect 
with  the  intent  of  these  specifications  will  be  rejected  and  shall  be 
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at  once  replaced  by  the  contractor  with  staves  conforming  there- 
with. 

"  The  staves  shall  be  either  of  California  redwood,  Long  Leaf 
yellow  pine,  southern  cypress  or  of  Oregon,  Washington,  or 
Douglass  fir,  and  bidders  are  asked  to  specify  on  which  of  these 
their  proposal  is  based.'  The  staves  shall  be  made  from  perfectly 
clear,  first  quality  lumber,  as  well  seasoned  as  the  market  affords, 
perfectly  sound  and  free  from  sap,  spongy  grain,  knots,  shakes, 
dry  rot,  pitch  seams,  cracks  or  other  defects  that  may  impair  its 
strength  or  durability.  The  stave  lumber  shall  be  placed  on  sticks 
immediately  after  being  sawed,  so  that  the  air  may  freely  circu- 
late between  and  around  it,  and  shall  remain  on  said  sticks  until 
manufactured  into  staves.  Before  the  manufacture  of  staves  is 
commenced,  templates  must  be  submitted  to  the  engineer  for 
his  approval." 

The  lumber  used  was  Washington  fir,  from  the  Wallace  Lumber 
Company  of  Startup,  Wash.,  and  was  of  exceptionally  fine  quality 
so  that  there  was  practically  no  loss  from  culling.  In  a  large 
sample  lot  of  staves  the  extreme  lengths  noted  were  9  and  33  feet, 
6i  per  cent,  being  under  12  feet  and  25  per  cent,  under  16  feet. 
The  minimum  length  allowed  was  10  feet.  They  were  cut  from 
2-inch  by  6-inch  lumber  and  measured  ly^  inch  in  thickness  and 
5f  inches  on  the  inner  surface. 

The  ends  were  square  and  contained  a  kerf  to  receive  a  l|-inch 
by  5|-inch  tongue  of  No.  12  gage  iron. 

"Bands.  The  bands  shall  be  of  homogeneous  '  mild'  steel 
having  a  tensile  strength  of  from  55  000  to  65  000  pounds  per 
square  inch  of  section;  an  elastic  hmit  of  at  least  sixty  (60)  per 
cent,  of  the  tensile  strength;  an  elongation  in  eight  (8)  inches  of 
not  less  than  twenty-five  (25)  per  cent.;  a  reduction  of  area  at 
point  of  rupture  of  at  least  forty-five  (45)  per  cent.,  and  shall  be 
capable  when  cold  of  being  bent  back  fiat  upon  itself  without 
showing  signs  of  fracture. 

"  The  threads  at  end  of  bands  maybe  pressed  or  the  rods  upset 
and  threads  cut,  but  the  ends  shall  be  stronger  than  the  body  of 
the  band,  and  this  shall  be  proven  from  records  of  tests  to  be  made 
by  a  reputable  firm  of  inspectors,  certified  copies  of  which  shall 
be  furnished  the  engineer. 

"Especial  care  shall  be  taken  to  avoid  injury  to  threads  in 
shipping  and  handling  the  bands. 

"All  bands  shall  be  provided  with  the  necessary  nuts  and 
washers;  the  nuts  shall  be  of  such  length,  from  face  to  face,  and 
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shall  fit  so  close  to  threads  as  to  secure  a  resistance  to  stripping  at 
least  ecjiial  to  the  tensile  strength  of  the  body  of  the  band." 

The  bands  were  manufactured  by  the  Cambria  Steel  Company 
with  pressed  threads  and,  with  the  malleable  iron  saddles  (from 
the  Fort  Pitt  Malleable  and  Gray  Iron  Works  of  Pittsburgh),  were 
inspected  by  W.  R.  Conard,  member  New  England  Water  Works 
Association. 

Details  of  the  bands  are  shown  in  Fig.  4,  and  the  saddles  in 
Fig.  5. 

"Preparation  of  Bands.  The  bands,  nuts,  washers,  and  saddles 
shall  be  thoroughly  cleaned  of  all  scale,  rust,  oil,  dirt,  etc.,  and  the 
bands  bent  around  a  bending  table  to  fit  the  exterior  circumference 
of  the  pipe. 

"After  being  cleaned  they  shall  be  coated  in  the  field  by  being 
dipped  in  hot  mineral  rubber  or  other  material  equally  good,  to 
be  approved  by  the  engineer,  after  having  been  heated  to  400°  F. 
This  coating  must  adhere  firmly  to  the  metal  and  must  not  flow  at 
a  temperature  of  150°  F.,  nor  be  brittle  at  32°  F.  It  must  cover 
the  metal  perfectly  to  a  thickness  of  at  least  one  fiftieth  (1-50) 
of  an  inch.  The  bands  shall  then  be  set  aside  to  allow  the  coating 
to  properly  harden  before  subsequent  handling." 

The  bands  were  first  bent  to  the  proper  radius  by  winding  them 
about  a  short  cylinder  or  bending  table  38  inches  in  diameter,  or 
about  seven  inches  less  than  the  diameter  of  the  band  required. 
After  bending  they  were  tied  by  wire  in  bunches  of  five  for  coating. 

The  c|uestion  of  coating  of  the  bands  was  deemed  all-important, 
as  being  the  chief  element  determining  the  life  of  the  conduit.  It 
was  beheved  that  considerable  abrasion  would  be  inevitable  in 
transportation  and  that  if  coated  after  delivery  the  danger  from 
rust  w^ould  be  ver}-  small.  It  was  found  impracticable  in  the  cold 
winter  weather  to  maintain  a  given  temperature  in  the  kettle. 
The  condition  of  the  coating  depended  quite  as  much  on  the 
temperature  of  the  band  when  immersed.  After  a  few  trials  the 
time  for  heating  the  bands  to  secure  the  best  result  was  deter- 
mined and  adhered  to  until  a  change  in  the  temperature  of  bands, 
coating,  or  outer  air  required  a  change:  it  varied  from  2h  to  5 
minutes  and  averaged  about  3  minutes.  After  dipping,  the 
bands  were  hung  up,  when  the  coating  stiffened,  and  they  were 
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then  piled  up  for  delivery  on  the  work.     From  seven  hundred  to 
eight  hundred  bands  bent  and  coated  was  an  ordinary  day's  work 
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Fig,  5.     Saddle. 

for- a  foreman  and  seven  men.     For  this  about  twenty  gallons  of 
the  mineral  rubber  were  required. 

"Construction  of  Conduit.  In  building  the  conduit  the  staves 
shall  be  made  to  break  joints  and  the  ends  of  two  adjommg  staves 
shall  in  no  case  be  nearer  than  eighteen  (18)  inches.  Proper 
wooden  mallets  shall  be  used  in  rounding  out  the  pipe,  and  it 
required  wooden  driving  bars  for  making  the  end  joints  tight. 
Bands  shall  be  placed  at  right  angles  to  the  center  line  of  the  pipe. 

"  Since  the  life  of  this  pipe  depends  upon  the  integrity  _ot  the 
coating  on  the  bands,  saddles,  etc.,  the  contractor  and  his  men 
shall  use  every  care  and  precaution  to  save  and  keep  the  coating 
perfect      The  coated  bands,  saddles,  etc.,  shall  be  handled  so  as 
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to  prevent,  as  far  as  possible,  any  damage  to  the  protective  coat- 
ing, and  should  the  inspector  find  any  on  which  the  coating  is 
imperfect  or  has  been  damaged,  they  shall  be  rejected  and  at 
once  removed  from  the  work,  and  not  again  brought  on  the  work, 
unless  they  have  been  recoated. 

"  The  coated  band  shall  be  cinched  and  (but  only  if  necessary) 
hammered  very  carefully  with  wooden  mallets.  The  band,  nut, 
washer,  and  saddle  shall  then  receive  a  heavy  coat  of  Mineral 
Rubber  Field  Paint  or  hot  mineral  rubber.  This  work  shall  be 
done  by  careful  and  intelligent  workmen,  and  will  be  rigidly 
inspected. 

"  On  each  side  of  the  gate  valves  the  conduit  shall  be  conical 
in  shape  for  a  length  of  eleven  feet,  the  required  taper  being 
secured  by  the  proper  uniform  reduction  in  the  width  of  the 
staves  as  shown  on  the  plans,  or  by  the  insertion  of  suitable 
wedge-shaped  pieces. 

"  After  being  thoroughly  cleaned  of  all  earth,  sand,  dirt  and 
rust  by  wire  brushes,  the  castings  shall  be  coated  with  mineral 
rubber  as  already  prescribed  for  the  saddles.  No  acid  shall  be 
used  in  cleaning  castings.  In  case  the  coating  cannot  be  applied 
immediately  after  cleaning,  the  surface  must  be  preserved  by  a 
thorough  apphcation  of  linseed  oil. 

"  Great  care  must  be  taken  by  the  contractor  not  to  overstrain 
the  bands  during  construction,  and  when  filling  the  pipe  with 
water  for  the  purpose  of  testing  the  same.  No  wrench  over  six- 
teen inches  in  length  shall  be  used  in  cinching." 

Trenching  was  begun  on  February  4,  and  the  conduit  proper 
was  completed  on  April  16,  1904.     (See  Plate  I,  Fig.  1.) 

The  material  excavated  was  largely  sand;  but  clay,  quicksand, 
gravel,  mud  and  roots  were  also  encountered  in  varying  quan- 
tities. A  section  of  the  canal  was  dammed  off  and  pumped  out 
by  one  or  two  portable  three-inch  gasolene  pumps  while  the  trench 
was  excavated  and  the  conduit  laid. 

The  pipe  gang  consisted  of  from  9  to  12  men.  Usually  there 
were,  1  foreman,  2  men  handling  material,  2  men  driving  staves, 
2  men  tightening  bands,  1  man  rounding  out  by  hammering 
inside,  2  men  back-cinching,  1  boy  painting  bands,  2  men  tamping. 
At  times  two  pipe-laying  gangs  were  employed. 

There  were  also,  2  day  men  on  gasolene  pumps,  2  night  men  on 
gasolene  pumps,  2  men  on  diaphragm  pumps,  35  men  backfilling. 

The  sections  were  finally  united  by  cutting  staves  to  the  re- 
quired length  and  springing  them  into  place. 
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Two  24-inch  Rensselaer  gate  valves  were  placed  in  the  line, 
one  at  each  end.  (Plate  I,  Fig.  2.)  For  eleven  feet  each  side  of 
the  valves  the  conduit  was  made  conical  in  shape  by  planing  the 
staves  to  the  proper  taper,  as  shown  in  Fig.  2. 

Curves  were  turned  by  prying  over  the  end  of  each  section  as 
laid  to  the  proper  position  before  back-cinching,  holding  it  in 
position  by  struts  and  backfilling  until  finally  secured  by  back- 
cinching.     (Plate  II,  Fig.  1.) 

There  were  several  double  30-inch  vitrified  pipe  culverts  and 
two  open  culverts  on  the  line.  The  latter  w^ere  22  feet  between 
faces  of  abutments,  but  a  pier  supported  the  conduit  in  the  center 
of  the  span.  (See  Plate  II,  Fig.  2.)  After  the  concrete  masonry 
had  set,  wood  collars  were  placed  12  inches  from  each  abutment 
and  8  inches  from  each  face  of  the  pier  on  which  an  outer  sheath- 
ing of  staves  was  constructed  similar  to  the  enclosed  conduit. 
The  annular  space  next  the  masonry  between  the  conduit  and  the 
sheathing  was  then  filled  with  grout  forming  a  solid  ring  to  prevent 
leakage  at  the  ends  of  sheathing  staves,  and  a  f-inch  hole  was 
bored  in  the  conduit.  The  sheathing  protects  the  conduit  from 
floating  substances  and  the  water  jacket  insures  its  saturation, 
by  which  decay  is  delayed. 

The  two  ends  of  the  conduit  are  depressed,  as  shown  in  the 
profile.  Fig.  1,  and  there  are  11  air  vents  of  2-inch  galvanized  pipe 
with  perforated  caps,  set  vertically  in  the  crown  of  the  conduit,  the 
former  to  prevent  the  entrance  of  air  and  the  latter  to  insure  its 
escape  while  the  conduit  is  being  filled.  There  are  also  20  man- 
holes (Fig.  4),  and  six  6-inch  blow-offs  (Fig.  6),  for  use  in  inspec- 
tions and  repairs. 

The  conduit  was  first  tested  for  leakage  by  closing  the  valves 
at  each  end  of  the  line,  laying  a  2-inch  pipe  connecting  the  force 
main  with  one  of  the  air  relief  pipes,  and  inserting  a  1-inch 
meter.  A  piece  of  2-inch  pipe  was  screwed  on  to  the  air  rehef, 
of  such  length  that  when  the  pressure  reached  ten  pounds  it 
would  overflow  without  straining  the  structure.  Several  leaks 
were  developed  by  raising  the  pressure  to  seven  pounds,  and  the 
amount  passing  proved  too  great  for  the  meter  to  register.  The 
2-inch  line  was  then  converted  to  a  steam  line  and  a  feed  pump 
used  both  for  charging  the  conduit  and  measuring  the  leakage 
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(by  displacement).  A  few  more  leaks,  which  were  insignificant 
in  size,  were  discovered  and  calked,  reducing  the  leakage  to  about 
78  gallons  per  minute,  or  just  one  gallon  per  day  per  square  foot 
of  exterior  surface  of  the  conduit. 

The  contract  price  for  the  pipe  laid,  without  earthwork,  man- 
holes, blow-offs,  etc.,  was  $2.25  per  lineal  foot,  and  the  total  cost 
of  the  work,  including  inspection,  was  S30  412.90. 


Fig.  6.     Blow-Off. 


The  work  was  done  by  the  C.  P.  Allen  General  Contracting 
Company  of  Denver,  who  agreed  to  maintain  it  for  two  years  and 
deliver  the  same  in  good  condition  at  the  end  of  that  period. 
Mr.  Henry  Goldmark,  member  American  Society  of  Civil  Engi- 
neers, of  Montreal,  acted  as  consulting  engineer  in  the  preparation 
of  plans,  and  Mr.  C.  J.  Myers,  Junior  American  Society  of  Civil 
Engineers,  was  the  assistant  engineer  of  the  department  in  direct 
charge  of  the  work. 
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So  long  as  suitable  lumber  can  be  had  at  a  reasonable  price  it 
is  believed  that  wood-stave  pipe  will  be  found  more  and  more  in 
favor  with  engineers  under  certain  conditions,  viz.: 

Where,  from  the  nature  or  location  of  the  ground,  transporta- 
tion is  difficult. 

Where,  on  account  of  the  surrounding  soil,  corrosion  would  be 
particularly  active. 

In  the  many  cases  where  wood-stave  pipe  can  be  laid  at  less 
cost  than  that  of  iron,  steel  or  masonry. 

Where  the  greater  weight  of  other  material  on  the  underlying 
soil  w^ould  be  objectionable,  as  in  crossing  marshes  and  swamps. 

Aside  from  the  design  and  proper  proportioning  of  parts  to 
resist  the  water  pressure,  the  successful  application  of  wood-stave 
construction  depends  mainly  on  two  things  —  the  lumber  and 
the  coating  of  the  bands. 

Redwood  has  found  favor  in  the  past,  but  it  is  understood  that 
the  supply  is  becoming  reduced  so  that  it  is  graduahy  being  forced 
from  competition.  Washington  or  Oregon  fir  can  be  had  for 
many  years  to  come  in  all  merchantable  sizes  and  of  the  finest 
quality.  In  spite  of  the  freight  charges,  which  were  here  some- 
thing over  $300  per  car  load,  this  seems  at  present  the  most 
available  lumber  for  the  purpose,  as  it  can  be  had  on  short  notice 
and  as  there  is  little  loss  from  cuUing.  Southern  cypress  would 
be  suitable,  but  the  supply  is  limited,  and  the  same  is  probably 
true  of  cedar. 

Aside  from  California  redwood,  southern  pine  is  perhaps  the 
one  competitor  of  western  fir  in  our  markets.  This  can  be 
secured  in  large  quantities  of  sufficiently  good  quality,  by  moderate 
culling,  for  satisfactory  results,  and  would  prol^ably  be  the  most 
economical  in  the  southern  states. 

Although  the  specifications  for  lumber  are  in  other  respects 
quite  rigid,  it  will  be  noted  that  no  stress  was  laid  on  seasoning, 
and  it  is  believed  that  the  importance  of  this  is  generally  exag- 
gerated. Mr.  Allen  states  that  he  has  used  perfectly  green  lumber 
in  one  instance;  and,  while  this  is  not  a  practice  to  be  commended 
in  general,  the  work  proved  satisfactory.  On  this  point  Mr, 
Goldmark  wrote:  "  I  do  not  think  it  necessary  or  feasible  to 
require  a  very  long  seasoning,  and  I  think  greater  softness  of  the 
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unseasoned  wood  would  be  an  advantage  in  obtaining  tight 
joints." 

The  objection  to  the  use  of  very  short  staves  is  in  the  increased 
number  of  joints.  This,  it  is  claimed  by  Mr.  C.  P.  Allen,  who  is 
believed  to  be  the  pioneer  in  this  type  of  construction,  does  not 
materially  affect  the  leakage  or  durability  of  the  pipe,  but  does 
increase  the  cost  of  construction,  as  it  takes  nearly  the  same 
labor  to  put  together  a  12-foot  section  as  one  24  feet  in  length. 
The  minimum  length  of  stave  allowed  may,  therefore,  with  advan- 
tage be  not  over  9  or  10  feet,  as  this  permits  the  utilization  of  a 
large  percentage  of  lumber  that  would  have  to  be  rejected  under 
a  12-  or  14-foot  limit. 

With  regard  to  the  coating,  a  short  section  of  pipe  was  buried 
in  salt  marsh  mud  after  coating  the  bands,  saddles,  and  nuts  with 
mineral  rubber.  On  being  examined  after  fourteen  months,  the 
coating  was  found  fresh  and  elastic  and  the  metal  untarnished. 
This  led  to  our  adoption  of  a  similar  coating  for  the  bands.  But 
our  experience  with  Durable  Metal  Coating  as  a  field  paint  caused 
its  adoption  for  giving  the  iron  work  a  final  coating  before  back- 
filling. Where  rapidity  in  drying  before  backfilling  was  essential, 
P  &  B  Paint  was  used  to  some  extent,  and  the  results  appeared 
satisfactor}^;  but  in  general  the  Durable  Metal  Coating  dried 
sufficiently  before  the  backfilling  was  done. 


SOME    ADDITIONAL    NOTES    ON   THE    WOOD-STAVE    CONDUIT    AT 
ATLANTIC    CITY,    N.  J. 

BY   C.   J.   MYERS,    ASSISTANT   ENGINEER,    WATER   DEPARTMENT,    ATLANTIC   CITY,    N.  J. 

It  may  be  of  interest  to  some  to  know  more  of  the  conditions 
that  governed  the  design  of  this  conduit  and  the  reasons  why 
certain  details  were  chosen. 

When  the  canal  which  this  conduit  replaces  was  in  use  the 
average  difference  in  level  of  the  water  at  the  two  ends  was  about 
1.5  feet.  It  was  decided  that  the  new  conduit  ought  to  carry  with 
the  same  loss  of  head  about  8  000  000  gallons  per  day,  this  being 
the  estimated  minimum  amount  that  the  stream  would  supply. 
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Taking  c  in  Chezy's  formula  to  be  110,  this  gave  a  42-inch  conduit 
as  the  nearest  commercial  size. 

This  value  of  c  (110)  has  not,  as  yet,  been  checked  by  experi- 
ments on  the  pipe  itself,  but  as  the  conditions  are  unusually  favor- 
able for  experiments  they  will  probably  soon  be  made. 

In  selecting  the  grade  line  of  the  pipe  itself  it  was  necessary 
to  make  sure  that  the  pipe  would  be  under  sufficient  head  to  keep 
it  saturated,  and  it  was  also  advisable  to  keep  it  as  high  as  possible 
to  avoid  expensive  excavation.  Since  the  pipe  was  laid  in  the 
bed  of  the  old  canal,  a  slight  increase  in  the  cutting  made  a  marked 
difference  in  the  amount  of  excavation.  For  these  reasons  it  was 
decided  to  make  the  elevation  of  the  top  of  the  pipe  inside  as 
follows : 

Sta.  Elev. 

O-hOO  -1-3.00 

0-H60  -f-3.50 

964-70  -1-1.95 

98-1-00  -1-0.00 

These  elevations  are  above  mean  tide  level  as  determined  by 
the  United  States  Geological  Survey. 

The  grade  line  determined  by  these  elevations  gives,  when 
drawing  at  an  eight-million  gallon  rate,  a  head  of  about  two  feet 
of  water  on  all  parts  of  the  pipe  line.  This,  it  is  thought,  will  be 
sufficient  to  keep  the  staves  well  saturated  and  therefore  free  from 
decay.  This  grade  line  also  ran  nearly  parallel  to  the  profile  of 
the  bottom  of  the  canal,  thus  making  the  excavation  a  minimum. 

In  the  last  130  feet  of  the  conduit,  where  it  enters  the  reservoir, 
the  grade  line  drops  2  feet.  This  was  done  in  order  that  the  pipe 
might  be  used,  at  some  future  time,  as  a  siphon. 

The  flow  through  the  conduit  is  regulated  automatically  by  the 
elevation  of  the  water  in  the  lower  reservoir.  As  the  quantity  of 
water  pumped  increases,  the  level  of  the  water  in  the  lower  basin 
falls  until  the  difference  in  head  between  the  two  ends  of  the 
pipe  is  just  sufficient  to  cause  the  quantity  being  used  to  flow 
through. 

By  putting  a  check  valve,  which  will  permit  the  escape  of  air 
from  the  pipe  but  will  not  allow  it  to  enter,  on  each  air  pipe  on  the 
lower  5  000  feet  of  the  pipe  line,  it  will  be  possible  to  use  the  pipe 
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as  a  siphon.  The  lower  reservoir  can  then  be  drawn  down  to 
elevation  0  and  the  conduit  will  still  flow  full;  whereas  at  present, 
in  order  to  keep  the  conduit  full  of  water,  the  elevation  of  water 
in  the  lower  basin  must  not  be  lower  than  +2.0. 

The  amount  of  air  accumulating  in  the  pipe  while  it  is  being 
used  as  a  siphon  will  be  small,  as  the  lower  5  000  feet  of  the  line, 
on  which  alone  this  siphon  action  will  occur,  is  nearly  all  below 
the  ground  water  level.  Of  course  the  rate  of  flow  obtained  when 
using  this  siphon  action  will  be  much  above  the  average  and  will 
last  only  a  few  hours  at  most.  As  soon  as  the  water  rises  in  the 
lower  basin  above  elevation  +2.0,  all  the  air  that  may  have 
leaked  in  or  accumulated  in  the  pipe  while  it  was  used  as  a  siphon 
will  be  forced  out,  and  the  pipe  will  thus  always  automatically 
keep  itself  clear  of  air  and  ready  to  be  used  as  a  siphon. 

This  additional  two  feet  of  head  should  give  an  increase  of 
over  25  per  cent,  in  capacity,  the  pipe  flowing  full  in  each  case. 

All  changes  in  direction  in  the  old  canal  were  made  with  very 
short  bends,  and  as  we  wished  to  stay  in  the  old  channel  as  much  as 
possible,  in  order  to  avoid  excavation,  we  wished  to  use  the 
shortest  radius  curves  that  it  would  be  practical  to  build.  After 
examining  all  the  available  literature  on  the  subject,  a  24-degree 
curve  was  decided  on.  These  curves  were  built  without  particular 
trouble,  though  they  seemed  to  be  as  sharp  as  it  would  be  advis- 
able to  try  to  build. 

Inlaying  the  pipe  it  was,  of  course,  impossible  and  unnecessary 
to  keep  exactly  to  the  calculated  grade  of  .016  per  cent.  Care  was 
taken,  however,  to  make  sure  that  the  pipe  was  not  above  grade, 
and  that  it  had  no  sharp  dips  or  summits  that  might  trap  air. 

After  half  the  air  pipes  had  been  placed  and  the  conduit  used 
for  some  time,  it  was  decided  to  place  air  pipes  halfway  between 
those  already  set.  This  was  done,  and  in  boring  the  holes  to  set 
them  no  air  was  found,  which  seemed  to  show  that  the  velocity 
of  the  water  was  sufficient  to  carry  the  air  along  until  it  reached 
an  air  pipe. 

Although  the  conduit  is  42  inches  in  diameter,  •24-inch  gate 
valves  were  used  because  they  Were  cheaper  and  because  one  man 
can  manipulate  them  easily.  The  loss  of  head  in  the  two  conical 
sections  and  gate  valve,  when  flowing  at  the  rate  of  5  500  000 
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gallons  per  day,  is  about  .11  foot.  Only  one  measurement  has 
been  taken,  so  that  the  loss  at  other  velocities  is  not  known. 

The  staves  came  in  box  cars  and  were  first  sorted  in  piles 
according  to  their  length  in  feet,  ignoring  the  inches,  and  then  dis- 
tributed along  the  line  in  piles  of  twenty-five  each. 

In  making  up  a  section,  the  foreman  usually  tried  to  keep  all 
the  joints  within  a  space  of  from  4  to  6  feet,  to  facilitate  driving 
the  staves.  Where  these  joints  come  is,  of  course,  the  weakest 
point  in  the  pipe,  and  in  soft  ground  the  spacing  of  the  bands  was 
decreased  at  these  joints  to  9  inches  on  account  of  the  danger  of 
the  pipe  settling  and  pulling  at  the  joints. 

Although  a  great  deal  of  backfilling  was  done  with  frozen  earth, 
but  little  distortion  of  the  pipe  occurred.  Its  dimensions  average 
about  41.5  inches  in  vertical  diameter  and  42.5  in  horizontal. 

Leaks  that  occurred  were  all  small,  and  were  calked  from  the 
outside  with  wedges  of  wood. 

A  comparison  of  the  cost  per  lineal  foot  of  pipe  for  the  first 
26  per  cent,  of  the  length  with  the  cost  of  the  remaining  74  per 
cent,  shows  a  marked  difference.  The  following  table  gives  the 
cost  of  labor  alone  in  hours  per  lineal  foot  of  pipe: 

Cost  of  backfilling  and 
Period  excavation  per  lin.  ft.  Cost  of  making  pipe 

FOREMAN   LABOR  FOREMAN   LABOR 

Feb.  4  to  Mar.  5  .28  hr.     4.92  hrs.  .1.3  hr.      1.05  hrs. 

Mar.  5  to  Apr.  16  .18  hr.      4.91  hrs.  .07  hr.       ,73  hr. 

The  difference  was  probably  nearly  all  due  to  the  very  severe 
weather  experienced  in  the  first  period,  though  some  of  it  was 
undoubtedly  due  to  the  fact  that  the  gangs,  more  especially  the 
pipe-building  gangs,  were  new  at  the  work.  During  the  first 
period  some  soft  mud  was  struck  that  was  hard  to  work  in,  but 
that  was  balanced  by  the  fact  that  there  was  less  excavation  per 
lineal  foot,  and  not  nearly  so  much  water  to  handle,  as  in  the 
second  period.  Common  labor  cost  about  15  cents  an  hour  for 
backfilling  and  excavation  and  20  cents  an  hour  for  building  pipe; 
foremen,  from  25  cents  to  $1.00  an  hour,  probably  averaging 
about  40  cents. 
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DISCUSSION. 

Mr.  Frank  L.  Fuller.*  I  should  like  to  ask  Mr.  Allen  how 
the  cost  of  coating  the  bands  compared  with  the  cost  of  galvaniz- 
ing, and  how  satisfactory  it  was. 

Mr.  Allen.  I  think  any  ordinary  galvanizing  would  be  likely 
to  be  imperfect.  The  cost  of  the  coating  was  small,  but  I  cannot 
say  just  what  it  was  or  how  it  would  compare  with  the  cost  of 
galvanizing.  Where  imperfections  existed,  they  were  easily 
covered  up  by  painting  over  before  backfilling. 

Mr.  Fuller.  I  should  like  also  to  ask  with  regard  to  laying 
the  pipe  to  grade,  whether  any  plank  or  timber  were  used  under 
the  pipe. 

Mr.  Allen.  They  put  a  block  or  piece  of  plank  under  the  end 
of  a  section  as  it  was  laid,  but  that  was  afterwards  taken  out,  and 
the  sand  was  so  soft  that  it  flowed  in  and  filled  up  the  space.  The 
matter  was  considered  before  doing  the  work,  and  we  decided  it 
would  not  be  necessary  to  leave  the  plank  in. 

Mr.  Fuller.     There  wasn't  any  settlement  of  the  pipe? 

Mr.  Allen.  Not  that  I  know  of.  If  there  were,  it  wouldn't 
do  any  harm,  for  the  conduit  was  stiff  enough  to  keep  its  general 
form,  and  would  not  settle  very  much  in  any  one  point. 

A  Member.  I  should  like  to  ask  if  the  saddle  was  one  you  de- 
signed yourself,  or  if  it  is  patented. 

Mr.  Allen.  I  don't  think  there  is  any  patent  on  it.  We 
designed  a  saddle,  but  the  contractor  had  one  of  his  own  which 
conformed  almost  precisely  to  what  we  had  designed  ourselves, 
so  we  let  him  use  his  own  design. 

Mr.  W.  C.  HAWLEY.f  This  paper  has  been  of  particular  interest 
to  me,  as  I  am  so  familiar  with  the  Atlantic  City  plant.  The 
matter  of  a  wooden  stave  conduit  was  first  considered  there  in 
1899  or  1900,  and  after  I  had  made  a  recommendation  to  the 
commissioners  that  such  a  pipe  be  used  for  the  force  main,  we 
called  in  Mr.  Kuichling,  a  member  of  this  Association,  as  consult- 
ing engineer,  and  on  his  recommendation  I  made  a  trip  to. the 
Pacific  coast  with  some  of  the  commissioners  and  members  of  the 
Council,  and  investigated  some  stave  pipes  which  were  then  being 

*  Civil  Engineer,  Boston,  Mass. 

t  General  Superintendent,  Pennsylvania  Water  Co.,  Wilkinsburg,  Pa. 
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built,  and  some  which  had  been  built  previously;  and  we  were  so 
favorably  impressed  with  the  pipe  that  we  recommended  its  use  in 
Atlantic  City,  and  it  would  have  been  used  then  had  not  the 
opposition  of  the  steel  pipe  men  been  so  effective  as  to  prevent  it. 
But  I  have  had  the  satisfaction  since  of  being  told  by  one  of  the 
men  who  was  most  active  in  that  fight  that  had  he  realized  what 
the  conditions  were  in  Atlantic  City  across  the  soft  mud  he  would 
not  have  opposed  the  stave  pipe,  and  that  he  believed  that  a 
mistake  was  made  in  putting  in  steel  pipe. 

What  we  saw  in  the  West  made  me  wonder  why  such  pipe  is  not 
used  in  the  East,  especially  in  the  larger  sizes;  not,  of  course,  for 
such  an  aqueduct  as  Mr.  Hering  has  described  for  the  supply  of 
New  York  City,  but  30  inches  in  diameter  or  even  larger.  The 
cost  would  be  less  for  pressures  up  to  say  60  or  75  pounds,  and 
the  construction  is  easier.  You  have  in  it  a  pipe  that  is  without 
the  drawback  of  lead  joints,  like  a  cast-iron  pipe;  a  pipe  of  con- 
siderably greater  capacity  than  a  riveted  steel  pipe,  or  than  a 
cast-iron  pipe  after  it  has  become  tuberculated;  and  the  ease  with 
which  the  line  can  be  constructed,  the  ease  with  which  the  material 
can  be  taken  to  difficult  locations,  is  also  very  strongly  in  its  favor. 
The  "stunts  "  that  can  be  done  in  laying  the  pipe  around  curves 
and  up  and  down  hills  is  almost  beyond  belief  until  you  see  them 
done.  I  saw  one  place  in  Butte,  Mont.,  where  in  a  distance  of 
500  feet  they  went  down  into  a  ravine  100  feet  deep,  crossed  the 
ravine,  which  was  50  feet  wide  at  the  bottom,  and  came  up  to 
grade  on  the  opposite  side.  At  Seattle  we  saw  a  44-inch  line 
being  laid  through  virgin  forest,  where  they  had  to  clear  out  some 
of  those  Washington  fir  trees.  The  butts  of  many  of  those  trees 
are  50  inches  in  diameter,  and  that  is  the  kind  of  wood  of  which 
the  staves  used  at  Atlantic  City  were  made. 

At  Butte  they  were  constructing  a  long  line  for  a  new  supply 
for  the  city,  and  in  order  to  avoid  excessive  pressure  on  the  pipe  — 
I  believe  they  limited  it  to  75  pounds  —  they  would  lay  a  section 
of  pipe  until  the  pressure  had  reached  the  limit,  when  they  would 
construct  a  small  basin  with  a  float  valve,  on  the  same  principle 
as  a  water-closet' tank,  and  then  they  would  lay  another  section 
and  construct  another  basin,  and  so  on  down  for  a  distance  of 
some  twenty  miles  all  told;  and  in  that  way  they  were  able  to 
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use  this  wood  stave  pipe  in  all  except  one  or  two  short  sections 
where  they  had  to  cross  ravines  or  canons  or  something  of  that 
kind.  I  think  if  the  merits  of  this  pipe  were  more  generally 
understood  here  in  the  East  it  would  be  used  to  a  considerable 
extent,  and  it  is  something  worth  looking  into  by  anybody  who 
has  a  pipe  line  to  lay  under  a  limited  pressure. 

Mr.  Allen.  I  might  say  that  the  steel  pipe  line  to  which  Mr. 
Hawley  has  referred  seems  to  be  holding  its  own  pretty  well,  but 
there  is  no  way  of  telling  what  corrosion  may  be  going  on  in  the 
bottom;  and  of  course  any  failure  of  the  pipe  would  be  likely  to 
be  serious,  while  with  a  wood  stave  pipe  any  trouble  could  prob- 
ably be  remedied  without  difficulty.  You  can  replace  a  band  or 
replace  a  stave  or  rebuild  a  whole  section  without  very  much 
trouble,  but  if  several  leaks  should  occur  in  the  bottom  of  this 
steel  pipe,  which  is  laid  across  a  salt  marsh,  —  and  the  marsh 
is  particularly  hard  on  steel  if  it  comes  in  contact  with  it, 
being  saturated  with  salt  and  vegetable  acids,  —  the  situation 
would  be  quite  serious.  It  seems  to  me  a  great  mistake  was 
made,  as  Mr.  Hawley  says,  in  not  using  wooden  stave  construc- 
tion in  that  place. 

Mr.  Fuller.  I  didn't  exactly  understand  Mr.  Allen's  descrip- 
tion of  the  way  the  staves  were  joined  at  the  ends.  Is  there  some- 
thing in  the  nature  of  a  tongue  and  groove? 

Mr.  Allen.  There  is  a  little  tongue,  consisting  of  a  small 
piece  of  sheet  iron,  that  is  inserted  in  a  slit  in  the  end  of  each 
stave,  between  two  adjoining  staves,  so  that  when  they  come  up 
to  each  other  the  iron  prevents  any  percolation  of  the  water 
between.  * 

Mr.  Fuller.     Are  the  staves  of  the  same  width? 

Mr.  Allen.     Yes,  of  the  same  width. 

Mr.  Fuller.  Didn't  that  necessitate  the  wasting  of  more  or 
less  lumber? 

Mr.  Allen.  No;  I  think  it  saved  it,  because  each  section  Was 
exactly  like  the  adjacent  sections.  All  the  sections  were  just 
the  same  size  in  circumference.  It  took  just  twenty-five  staves 
to  go  around.  There  was  a  bead  on  the  edge  of  each  stave,  with 
the  idea  that  in  cinching  up  it  would  make  a  closer  contact  with 
the  next  stave,  although  I  think  there  would  have  been  no  diffi- 
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ciilty  in  making  it  tight  without  that  bead.  Still,  it  was  as  easy  to 
cut  the  stave  out  with  the  bead. 

Mr.  Fuller.  Would  it  be  possible  to  make  a  pipe  of  this  kind 
sufficiently  tight  to  serve  as  a  suction  pipe,  do  you  think? 

Mr.  Allen.  I  should  doubt  it.  If  it  was  under  water  it  might 
be  done,  but  I  don't  know.  I  should  not  want  to  risk  it,  however, 
without  knowing  more  about  it. 

Mr.  T.W.  Mann.  I  haven't  had  any  experience  with  these  pipes 
for  delivering  water  for  water  works  purposes,  but  I  have  had  more 
or  less  experience  with  conduit  pipes  from  the  wheel  pit.  We 
have  used  a  9-  or  10-foot  intake  made  of  3-inch  plank  grooved  and 
tongued,  of  southern  pine,  hooped  with  iron  about  every  two  feet. 
They  have  been  used  for  years,  but  lately  they  have  been  taken 
out,  and  they  are  being  replaced  with  steel,  because  in  our  canal 
the  pipe  cannot  be  kept  under  water  all  the  time,  and  when  the 
water  goes  down  the  pipe  will  be  exposed,  and  I  don't  think  it  was 
tight  enough  so  that  the  air  would  not  get  inside  and  rot  the  wood. 
The  planks  were  grooved  on  the  side  and  had  no  end  groove. 

A  Member.  I  think  perhaps  Mr.  Hawley  might  be  able  to  give 
us  some  information  obtained  on  his  Western  trip  as  to  the  length 
of  life  of  these  pipes. 

Mr.  Hawley.  I  think  really  there  is  more  definite  information 
on  that  point  to  be  obtained  in  the  East  than  in  the  West.  I  have 
seen  .pipes  taken  up  in  the  city  of  Philadelphia  which  had  been  in 
for  about  a  hundred  years,  and  the  wood  was  perfectly  good,  as 
sound  as  when  it  was  put  in.  The  question  as  to  the  preservation 
of  the  staves  depends  entirely  on  whether  they  are  saturated  an  J 
kept  saturated.  At  Cheyenne,  Wyo.,  they  laid  a  line  which 
was  not  always  kept  full,  it  was  kept  about  two  thirds  or  three 
quarters  full,  and  the  pipe  rotted  in  a  few  years,  and  was  a  failure. 
We  saw  at  Butte  a  hne  which  had  been  in  for  nine  years  at  that 
time,  and  we  saw  one  place  where  a  washout  on  the  mountain  side 
had  uncovered  it,  and  it  appeared  to  be  perfectly  dry,  but  on  taking 
a  pen-knife  and  sticking  the  point  into  the  wood,  the  water 
squeezed  out  on  both  sides  of  the  blade,  showing  that  the  wood 
was  saturated  clearr  through  to  the  outer  surface.  In  looking  up 
the  matter  with  special  reference  to  the  conditions  at  Atlantic 
City,  we  found  a  line  of  telephone  poles  across  the  meadow  had 
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rotted  off  above  the  sod  of  the  meadow,  but  within  four  or  five 
inches  of  the  surface  they  were  perfectly  sound  and  good.  And 
while  we  were  making  the  investigation  a  gentleman  who  lived  on 
the  mainland  told  us  of  some  piles  he  had  seen  his  father  drive 
in  1860,  and  he  procured  a  piece  of  one  of  those  piles  for  us.  It 
was  a  cedar  pile.  He  cut  it  off  six  inches  below  the  surface,  and  it 
was  perfectly  sound  and  good,  and  after  it  had  been  dried  the 
odor  of  cedar  was  distinctly  noticeable.  It  was  under  the  sod 
in  the  soft  meadow  where  it  had  always  been  kept  wet. 

The  staves  must  be  kept  saturated  continually;  that  is  the  secret 
of  preserving  the  pipe.  In  Salem  County,  New  Jersey,  they  are 
doing  quite  a  business  in  digging  up  trunks  of  cedar  trees  which 
fell  nobody  knows  how  many  years  ago  and  were  buried  up  in  the 
swamp.  They  go  in  with  a  sounding  rod  and  sound  over  the  mud 
till  they  strike  one  of  these  trunks,  and  they  get  hold  of  it  and 
pull  it  out  and  then  make  shingles  of  it. 

Mr.  Allen.  Rather  an  interesting  thing  came  to  my  notice  in 
building  a  dam  about  a  year  ago.  We  excavated  through  about 
two  and  a  half  feet  of  gravel,  and  then  six  feet  of  clay,  which  was 
evidently  the  original  formation,  apparently  never  having  been 
disturbed,  and  under  that  we  found  quite  a  quantity  of  cedar 
which  was  perfectly  sound  although  the  strength  had  gone  out  of 
it.  The  fibers  did  not  appear  to  have  been  rotted  at  all,  but  they 
did  not  adhere  to  each  other.  You  could  tear  them  apart  easily. 
That  wood  may  have  been  there  for  ages,  —  there  is  no  knowing 
how  long.  Mr.  Hering  tells  me  that  at  St.  Louis  they  have  some 
specimens  from  Switzerland  that  have  been  under  water  for 
perhaps  several  thousand  years,  and  they  are  perfectly  sound  yet. 
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THE  HOLYOKE  WATER  SUPPLY. 

BY    A.    M.    FRENCH,     MEMBER    BOARD    OF    WATER    COMMISSIONERS, 
HOLYOKE,    MASS. 

[Read  September  15,  1904-] 

High  on  the  list  of  institutions  of  which  Holyoke  is  justly  proud 
is  her  magnificent  system  of  water  works,  which  furnishes  to  every 
part  of  the  city  a  supply  of  pure  water  sufficient  for  all  contingen- 
cies. The  story  of  its  conception,  birth,  and  continuous  growth 
up  to  its  present  maturity  is  full  of  interest. 

Sixty  years  ago  Holyoke  was  "a  small  hamlet  or  neighbor- 
hood of  farms  nestling  in  the  bends  of  the  Connecticut,"  and 
known  as  "  The  Fields  "  or  Ireland  Parish.  It  contained  four- 
teen houses,  a  schoolhouse,  a  small  gristmill,  and  a  cotton  mill. 

In  1847  sev^eral  Boston  men,  having  a  knowledge  of  what  had 
been  done  on  the  Merrimac  River,  at  Manchester,  Lowell  and 
Lawrence,  associated  themselves  together  to  develop  a  new  city 
and  a  new  water  power  on  the  Connecticut,  and  in  1848  were  in- 
corporated under  the  name  of  the  Hadley  Falls  Company.  As 
they  were  mostly  cotton  men,  their  idea  was  to  found  a  cotton 
<;ity ;  and  there  is  still  in  existence  a  map  of  the  new  city  as  they 
planned  it,  with  canals,  streets,  and  public  squares  all  marked  out; 
and  spaces  allotted  for  over  fifty  large  cotton  mills. 

Having  purchased  eleven  hundred  acres  of  land,  they  com- 
menced the  construction  of  the  first  dam,  which  was  completed 
November  19,  1848,  and  disappeared  "  by  way  of  Willimansett  " 
the  same  day.  At  about  the  same  time  they  provided  for  a 
water  supply  for  the  town  by  the  construction  of  a  reservoir 
on  the  plot  of  land  bounded  by  High,  Maple,  Lyman,  and  Foun- 
tain streets,  and  including  the  entire  square  where  Dillon's 
Block  now  stands.  The  pond  was  entirely  artificial.  A  tank 
was  erected,  not  excavated,  with  walls  15  feet  high  and  40  feet 
thick,  and  was  divided  into  two  sections,  so  that  one  would  be 
available  while  the  other  was  being  repaired  or  cleaned.  It  held 
3  000  000  gallons  of  water,  which  was  pumped  into  it  from  above 
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the  dam,  through  a  13-inch  pipe,  by  means  of  pumps  located  in 
the  gate  house.  The  water  stood  at  an  elevation  of  177  feet,  or 
77  feet  above  the  crest  of  the  dam.  Thirteen  thousand  feet  of  pipe 
were  laid,  and  as  fast  as  new  streets  were  opened,  they  were  piped. 

Water  was  first  pumped  into  the  reservoir  October  19, 1849,  and 
the  next  month  saw  the  work  completed.  In  1857  the  Hadley 
company  failed,  and  the  water  works  passed  into  the  hands  of  the 
Holyoke  Water  Power  Company. 

Although  the  working  of  the  reservoir  was  never  entirely  satis- 
factory, and  complaints  became  more  numerous  and  emphatic  as 
the  town  increased  in  size,  no  action  was  taken  in  the  matter  until 
August  2,  1871,  when  a  meeting  of  citizens  was  held  at  the  office 
of  Judge  Buckland.  A  committee  was  appointed  consisting  of 
John  C.  Newton,  James  G.  Smith,  Timothy  Merrick,  W.  B.  C. 
Pearsons,  and  John  E.  Chase,  with  instructions  to  inquire  into 
the  practicability  of  supplying  the  town  with  water  and  the  cost 
of  so  doing,  to  give  the  matter  a  thorough  investigation,  and  to 
report  at  an  adjourned  meeting.  This  committee  secured  the 
services  of  an  engineer,  and  commenced  their  work. 

Five  plans  were  suggested: 

1.  To  supply  the  flats  from  the  canal,  and  the  hill  from  the 
reservoir. 

2.  To  pump  water  by  steam  from  the  river  above  the  city. 

3.  To  take  water  from  the  Whiting  Street  Brook. 

4.  To  make  use  of  the  mountain  ponds  lying  three  miles  to  the 
southwest. 

5.  To  make  more  efficient  the  existing  system. 

Five  weeks  later  the  committee  reported  that  a  pure  and  ample 
water  supply  could  be  obtained  from  the  ponds  at  an  estimated 
cost  of  $174  000,  and  unanimously  recommended  this  plan. 

The  location  of  these  ponds,  and  of  the  other  sources  of  supply 
mentioned  in  the  paper,  is  shown  on  the  map,  Fig.  1. 

Meantime  ev^ents  had  occurred  which  caused  a  general  and 
intense  interest  in  the  subject.  In  the  summer  of  1871  there  was 
a  protracted  drought,  and  just  at  its  height  the  machinery  for 
pumping  water  gave  out,  so  that  for  three  weeks  it  was  with  the 
utmost  difficulty  that  enough  water  could  be  procured  for  bare 
existence. 
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These  words,  taken  from  the  Transcript  of  September  9,  1871, 
strikingly  depict  the  woes  of  the  community:  "  The  local  water 
famine  is  over  for  the  present.  The  water  brigade,  with  its  pails 
and  buckets,  has  ceased  to  wend  its  dripping  way  through  the 
streets,  and  retired  from  active  service.  The  perambulating 
water  barrels  have  ended  their  journeys  to  and  from  the  river,  and 
their  drivers  do  rest  from  their  labors.  The  washerwomen  have 
again  the  wherewithal  to  ply  their  trade,  and  tidy  housewives 
have  done  their  three  weeks'  washing  and  regained  their  wonted 
cheerfulness.  Cleanly  people  have  resumed  their  habit  of  daily 
ablutions  and  a  few  bolder  spirits  have  even  ventured  to  take  a 
bath  in  the  precious  fluid." 

The  feelings  of  the  community,  in  view  of  these  experiences, 
are  well  voiced  by  the  Transcript  in  the  same  issue : 

"  The  town  has  learned  thoroughly  that  a  regular  and  inexhaus- 
tible supply  of  pure  water,  with  sufficient  head  for  use  in  every 
part  of  every  building  in  town,has  come  to  be  a  necessity.  It  is  a 
large  undertaking  and  one  which  many  of  our  citizens  have  been 
inclined  to  postpone  until  the  town  should  be  larger  and  richer; 
but  the  events  of  the  last  three  weeks  have  converted  the  advo- 
cates of  delay  to  the  party  of  action. 

"  Public  water  woi;ks  owned  by  the  town,  managed  by  the  town 
for  the  benefit  of  the  town,  is  the  need  of  the  hour,  and  if  the 
expense  shall  be  found  to  be  within  reasonable  limits,  we  predict 
a  hearty  and  unanimous  movement  to  secure  this  public 
blessing." 

This  prediction  of  the  Transcript  was  speedily  fulfilled.  The 
town  meeting  called  for  the  purpose  accepted  the  plans  outhned 
by  the  Citizens'  Committee,  and  in  the  following  winter  the  neces- 
sary legislation  was  obtained. 

The  first  water  board  of  Holyoke,  consisting  of  W.  B.  C.  Pear- 
sons, Dennis  Higgins,  John  Delaney,  J.  P.  Buckland,  Joel  Russell, 
and  John  E.  Chase,  was  chosen  March  21,  1872.  It  held  its  first 
meeting  in  Judge  Buckland's  office  in  Carter's  Block,  and  organ- 
ized with  Mr.  Pearsons  as  chairman.  Judge  Buckland,  secretary, 
and  Mr.  Russell,  treasurer.  It  then  proceeded  with  great  energy 
to  the  business  for  which  it  had  been  created. 

Ashley  and  Wright's  ponds  lie  a  little  more  than  three  and  a 
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quarter  miles  from  the  City  Hall.  They  have  a  watershed  of 
3|  square  miles,  and  a  flowage  area  of  1S5|-  acres  at  the  natural 
level.  It  was  decided,  however,  to  construct  the  dam,  gatehouse, 
and  embankments  so  as  to  admit  of  raising  the  water  level  five  feet, 
this  to  be  done  gradually  at  the  rate  of  about  one  foot  per  year, 
thereby  materially  increasing  the  flowage  area  and  about  doub- 
ling the  storage  capacity. 

At  first  only  the  ponds  and  the  land  absolutely  necessary  were 
purchased,  but  it  has  been  the  policy  of  the  board,  steadily  ad- 
hered to  through  all  these  years,  to  acquire  the  surrounding  lands 
little  by  little,  until  now,  in  1904,  practically  all  the  watershed  of 
the  system  is  in  possession  of  the  city. 

After  determining  the  route,  careful  attention  was  given  by  the 
board  to  the  kind  and  size  of  pipe  to  be  used.  Being  new  ques- 
tions to  most  of  the  members,  the  matter  was  exhaustively  studied 
and  the  final  decision  was  to  use  only  cast-iron  pipe,  on  the 
ground  that  it  would  be  poor  policy  to  lay  anything  except  the 
best,  and  to  use  two  sizes,  20-inch  for  the  first  1  600  feet  and 
10-inch  for  the  remainder. 

Having  settled  these  questions,  the  board  was  ready  early  in 
May  to  give  out  contracts,  which  were  awarded  as  follows:  For 
supplying  pipe,  to  J.  W.  Starr  &  Co.,  of  Camden,  N.  J.;  for  laying 
same,  to  E.  B.  Allen  &  Co.,  of  New  Britain,  Conn. ;  for  excavating, 
to  John  McCoy  &  Sons,  of  Holyoke;  for  building  a  dam  at  the  out- 
let of  the  ponds,  gate  house,  and  culverts  over  the  trench  between 
the  ponds,  to  Goldsmith  (t  Norton,  of  New  Britain,  Conn. 

These  contracts  called  for  the  commencement  of  the  work  by 
June  1,  1872,  and  its  completion  on  or  before  October  15  of  that 
year.  All  piping  was  to  be  delivered  by  September  1.  As  a 
matter  of  fact,  however,  the  last  cargo  of  pipe  did  not  come  to 
hand  until  December  15,  three  and  a  half  months  late.  Owing 
to  this  delay,  and  to  unforeseen  obstacles  encountered  in  excavat- 
ing, it  was  not  until  August  6,  1873,  two  months  after  the  con- 
tract time,  that  water  was  let  into  the  mains. 

In  the  Transcript  of  July  26  appeared  the  following:  "  Work 
at  the  ponds  is  progressing  finely,  and  the  great  work  is  nearly 
done.  The  water  should  be  in  the  pipes'next  week,  barring  acci- 
dents, and  the  week  after,  whether  or  no.     There  will  ho  a  general 
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rejoicing  when  it  does  come,  and  we  believe  it  will  be  the  greatest 
blessing  that  could  be  given  us.  Won't  there  be  a  lot  of  happy 
fellows  and  others  floundering  in  bathtubs!  Eventing  yard 
toads  will  rejoice  as  they  sit  under  the  spray  of  the  fountain." 

Meantime  a  most  curious  controversy  had  arisen  between  the 
board  and  the  town  treasurer,  Mr.  C.  W.  Ranlet.  In  accordance 
with  the  provision  of  the  legislative  act,  the  board  caused  bonds 
to  be  issued  to  the  amount  of  $250  000,  payable  in  1900,  and  bear- 
ing interest  at  the  rate  of  6  per  cent,  payable  semi-annually.  These 
bonds  when  printed  were  sent  to  Mr.  Ranlet,  who  retained  them 
in  his  possession,  claiming  that  their  control  and  custody  belonged 
to  him,  and  also  the  handling  of  the  money  accruing  therefrom. 
The  board  was  of  the  contrary  opinion,  and  at  length,  after  many 
attempts  to  reach  a  satisfactory  settlement,  appealed  to  the 
Supreme  Court  for  a  writ  of  mandamus,  compelling  the  surrender 
of  the  bonds.  A  hearing  was  held  before  a  single  judge,  who 
ordered  the  issue  of  the  writ.  The  treasurer  then  appealed  to  the 
full  bench,  and  it  was  not  until  October  16,  1872,  that  the  matter 
was  settled  and  the  bonds  placed  in  the  hands  of  the  board. 

October  18, 1872,  it  was  voted  to  buy  the  pipe  and  fixtures  of 
the  Holyoke  Water  Pow^^r  Company  at  a  price  not  exceeding 
$18  000.  Judge  Buckland  was  so  strongly  opposed  to  the  meas- 
ure that  he  insisted  on  having  his  dissenting  vote  placed  in  the 
records. 

Holyoke  became  a  city  in  January,  1874,  and  the  term  of  ofHce 
of  the  old  board  expired  by  limitation  at  that  time.  The  first 
board  chosen  by  the  city  of  Holyoke  consisted  of  Judge  Buckiand, 
elected  for  three  years;  Dennis  Higgins,  for  two;  and  J.  (}.  Smith, 
for  one  year.  It  organized  with  Judge  Buckland  as  chairman, 
and  held  its  meetings  in  Lincoln's  Block,  having  secured  an  office 
there  at  a  rental  of  $12.50  per  month.  When  the  City  Hall  was 
finished  in  1876,  the  Board  of  Water  Commissioners  had  the  honor 
of  being  the  first  department  of  the  city  government  to  take  up 
its  quarters  there. 

The  legislative  act  of  1872  permitted  the  use  of  the  Tannery 
Brook,  but  no  action  was  taken  in  this  direction  for  several  years. 
In  February,  1877,  the  water  of  the  ponds  reached  its  lowest 
point,  being  3  feet  9  inches  deep  at  the  gate  house,  and  a  water 
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famine  seemed  imminent.  In  view  of  this  fact,  the  board  in  its 
report  of  December,  1877,  called  for  early  action  on  the  part  of 
the  city  council  to  make  the  waters  of  Tannery  Brook  available. 
This  recommendation  was  repeated  with  increased  earnestness  in 
the  reports  of  the  next  two  years.  But  the  city  council  was 
unmoved.  The  year  1880,  however,  was  very  dry,  and  it  became 
necessary  to  pump  water  from  the  large  pond  to  the  smaller. 
Then  at  length  the  city  council  made  the  necessary  appropria- 
tion, and  in  1881  a  dam  and  gate  house  were  built  and  a  10-inch 
main  laid  to  its  connection  with  the  16-inch  main  from  the  ponds. 
This,  it  was  calculated,  would  deliver  226  000  gallons  each  twenty- 
four  hours.  In  order  to  keep  the  water  of  the  brook  from  pollu- 
tion, the  board  purchased  of  A.  Goodyear  "the  entire  Bagg  farm, 
with  the  buildings  situate  thereon,  with  the  right  and  privilege 
to  forever  divert  the  waters  of  the  brook  and  use  same  for  the 
benefit  of  the  city." 

But  meantime  the  needs  of  the  city  had  increased  to  such  an 
extent  that  in  the  very  same  report  in  which  they  announced  the 
taking  of  Tannery  Brook,  the  commissioners  petitioned  the  city 
council  for  "authority  to  take  the  necessary  steps  for  securing 
a  foothold  by  purchase  or  otherwise,  for  the  diversion  of  any  or 
all  water  courses  that  in  their  judgment  are  practicable  to  the  use 
of  the  city  as  an  additional  water  supply."  In  its  last  meeting 
of .  the  year,  the  council  gave  the  authority  asked  for,  and  the 
necessary  permission  of  the  Legislature  was  obtained  at  its 
next  session. 

The  point  immediately  in  view  was  the  Whiting  Street  Brook, 
arnd  the  board  took  prompt  action  to  construct  a  reservoir  there. 
A  substantial  stone  dam  was  built,  141  feet  long,  7  feet  thick  on 
top  and  12  feet  at  the  bottom,  with  15  feet  at  its  extreme  height 
above  bed  rock.  The  work  was  completed  by  deepening  the 
channel  of  the  brook,  cutting  and  clearing  away  from  its  banks 
the  brush  for  a  distance  of  two  and  one  half  miles  from  the  dam, 
and  enclosing  about  two  acres  with  a  barbed  wire  fence. 

The  new  reservoir,  which  is  thirty  feet  higher  than  the  ponds, 
and  has  a  flowage  area  of  one  acre,  furnished  enough  water  for  the 
needs  of  the  upper  part  of  the  city,  except  for  a  few  weeks  in  mid- 
summer.    Besides,  the  greater  head  from  this  source  largely  in- 
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creased  the  efficiency  of  the  Fire  Department.  In  the  winter  of 
this  year  there  was  a  great  deal  of  trouble  experienced  from  the 
freezing  of  pipes,  and  the  whole  available  force  of  the  board  was 
employed  in  thawing  them  out.  In  March,  the  frost  drill,  which 
had  been  used  for  a  short  time  in  1875,  was  again  employed,  and, 
with  an  improvement  suggested  by  Superintendent  Hardy,  was 
very  efficacious.  A  full  description  of  this  simple  but  wonder- 
working contrivance  may  be  found  in  the  report  of  the  commis- 
sioners for  1885. 

The  next  year,  1886,  saw  carried  out  the  original  plan  of  having 
two  independent  lines  of  pipe  from  the  ponds,  at  a  cost  of  twenty- 
one  thousand  dollars.  In  1888  preliminary  steps  were  taken  for 
building  a  storage  reservoir  on  the  Whiting  Street  Brook,  as  had 
been  contemplated  from  the  beginning.  The  necessary  land  was 
taken,  plans  drawn,  and  the  contract  for  building  the  dam 
awarded  to  Delaney  Bros.  This  work  was  nearly  completed  in 
1889,  and  put  into  use  the  next  year. 

The  dam  was  "  built  of  hard,  close-grained  sandstone,  pointed 
and  grouted  with  Rosendale  cement.  The  earth  under  the  dam 
for  1  000  feet  of  its  entire  length  is  a  A-ery  compact  and  unyield- 
ing, gravelly  hard  pari;  for  the  remaining  distance  the  dam  rests 
on  a  rock  foundation,  and  here  benches  were  cut,  deepest  on  the 
water  side,  to  connect  the  structure  more  closely  with  the  founda- 
tion. The  length  of  the  dam  is  1  773  feet,  and  it&  greatest  height 
21  feet  above  the  natural  surface."  The  reservoir  has  a  flowage 
area  of  114  acres,  a  w-atershed  of  Ih  square  miles,  and  a  capacity 
of  500  000  000  gallons,  all  available. 

The  summer  of  1891  was  exceedingly  dry,  and  although,  in 
April,  the  ponds  and  the  new  reservoir  were  full  to  overflowing, 
the  waste  water  of  the  latter  running  away  in  a  stream  17  feet 
wide  and  6  feet  deep, — and  this  for  several  weeks, — by  September 
1  street  sprinkling  had  to  be  discontinued,  and  by  the  middle  of 
December  the  water  at  the  gate  house  at  Wright's  Pond  was  5  feet 
5  inches  deep  or  5  inches  only  above  the  danger  point,  or  what 
is  considered  the  danger  point.  Hence  we  are  not  surprised  to  find 
this  statement  in  the  report  of  the  board  dated  the  same  month: 
''This  year's  experience  shows  us  that  with  our  reservoirs  full  of 
water  in  the  spring,  we  cannot  pass  through  an  extremely  dry 
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summer  ■without  approaching  dangerously  near  the  h'mit.  And 
if  the  reservoirs  should  not  fill  during  the  winter  and  spring,  and 
the  next  season  should  be  dry,  a  contingency  not  at  all  improb- 
able, our  condition  would  be  extremely  critical." 

The  very  next  year  the  contingency  alluded  to  was  upon  us. 
The  amount  of  water  in  the  reservoirs  was  unusually  small,  and 
exceedingly  vexatious  conditions  existed  throughout  the  year. 
The  use  of  hose  for  watering  lawns,  washing  windows,  etc.,  had  to 
be  entirely  prohibited.  This  led  to  an  immediate  movement 
towards  procuring  a  new  supply,  ^^arious  places  were  visited  and 
examined,  and  opinions  solicited  from  distinguished  engineers. 
No  less  than  seven  different  plans  received  more  or  less  considera- 
tion. 

1.  An  enlargement  of  the  present  supply  by  an  increased 
storage  capacity. 

2.  Bringing  the  waters  of  Hampton  ponds  into  the  Ashley. 

3.  Filter  galleries  or  wells  along  the  bank  of  the  Connecticut, 
and  pumping  into  Ashley  Pond. 

4.  Building  a  dam  on  Bachelder's  Brook  in  Granby,  and  pump- 
ing by  water  power  into  Ashley. 

5.  Pumping  water  from  Willimansett  Brook  directly  into  the 
city  pipe. 

6.  Driven  wells  on  the  sand  plains  of  Chicopee. 

7.  Munn  Brook,  with  conduit  connecting  into  Ashley  and  a 
storage  reservoir  at  Granville. 

Time  and  space  will  not  permit  dwelling  upon  all  these  plans, 
which  are  fully  discussed  in  the  admirable  report  of  Engineer 
McClintock  to  the  board,  which  is  published  in  connection  with 
their  report  of  1893,  but  one  or  two  cannot  be  passed  over.  To 
the  use  of  Hampton  ponds  there  were  three  objections: 

1.  An  analysis  of  the  water  by  the  State  Board  of  Health 
showed  it  to  be  far  below  the  average  in  purity. 

2.  Ashley  is  about  seventy  feet  higher  than  Hampton,  which 
would  make  it  necessary  to  pump  all  the  water  used. 

3.  The  area  of  the  watershed  is  quite  limited. 

In  regard  to  the  Bachelder  Brook  scheme,  it  was  found  that  the 
surface  of  a  pond  raised  by  a  forty-foot  dam  would  still  be  one 
hundred  feet  lower  than  Ashley,  so  that  all  the  water  would  have 
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to  be  lifted  one  hundred  feet,  which,  of  course,  would  require  sev- 
eral gallons  of  water  passing  through  the  wheel  to  lift  one  gallon 
into  Ashley.  The  other  projects,  except  the  last,  were  objection- 
able either  on  account  of  the  cost  of  maintenance  or  the  limited  or 
uncertain  nature  of  the  supply. 

So  by  process  of  elimination,  the  Munn  Brook  was  left.  At  the 
same  time,  Mr.  James  L.  Tighe,  who  commenced  to  serve  the 
board  as  its  engineer  in  June,  1892,  and  whose  services  have  been 
invaluable  from  that  day  to  this,  presented  a  most  interesting 
report,  which  amounted  to  a  demonstration  that  the  Munn  Brook 
project  was  not  only  feasible,  but  would  be  an  almost  ideal 
solution  of  the  city's  great  problem. 

In  accordance  with  the  views  of  the  engineers,  a  petition  pray- 
ing for  the  right  to  take  said  waters  was  sent  to  the  Legislature. 
Strong  objections  were  entered  on  the  part  of  Westfield,  and,  after 
an  extended  hearing,  the  matter  was  referred  to  the  next  General 
Court,  which  finally  gave  the  decision  against  Holyoke. 

While  this  question  was  still  in  abeyance,  another  dry  summer, 
1894,  put  in  an  appearance,  and  in  August,  as  the  reservoirs  were 
becoming  very  low,  the  State  Board  of  Health  was  consulted  as 
to  the  advisability  of  pumping  water  from  the  Connecticut  di- 
rectly into  the  pipes  from  the  Whiting  Street  Reservoir.  The  chief 
engineer  reported  that  in  his  opinion  it  would  endanger  the  health 
of  the  community,  and  the  project  was  dropped. 

Disappointed,  but  not  disheartened,  by  the  failure  to  get 
Munn's  Brook,  the  board  soon  turned  its  attention  to  the  south- 
west branch  of  the  Manhan  River,  at  Southampton.  This  rises  in 
the  town  of  Westhampton,  and  flows  in  a  southerly  direction, 
passing  Southampton,  to  the  northern  boundary  of  Westfield. 
Here  it  takes  a  very  sharp  curve  to  the  northeast,  passing  close 
to  Southampton  Village,  and  thence  towards  Easthampton, 
within  a  mile  of  w^hich  it  unites  with  the  north  branch,  the  two 
forming  the  Manhan  River,  which  flows  into  the  Ox  Bow  of  the 
Connecticut  River.  The  report  of  Mr.  Tighe,  recommending  this 
plan,  shows  very  clearly  what  was  afterwards  done.  "  The 
scheme  proposed  is,"  he  says,  "  to  divert  the  head  waters  of  the 
southw^est  branch  of  the  Manhan  River,  at  the  point  of  confluence, 
or  a  short  distance  below  it,  of  the  Manhan  and  Tucker  brooks, 
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and  convey  them  into  Ashley  ponds.  The  elevation  at  the  pro- 
posed point  is  115  feet  higher  than  high-water  mark  at  Ashley,  or 
325  feet  higher  than  the  Holyoke  dam.  With  this  head  of  115 
feet,  a  clean  cast-iron  pipe,  20  inches  in  diameter  and  10^  miles  in 
length,  will  convey  4  750  000  gallons  per  day,  or  3  750  000  when 
incrustated,  thus  having  a  discharging  capacity  sufficient  to  in- 
crease our  daily  supply  to  6  500  000  gallons  per  day,  or,  in  other 
words,  to  render  a  sufficient  supply  for  Holyoke  under  normal 
conditions  for  twenty-five  years." 

This  time  the  Legislature  was  favorable  and  granted  the  prayer 
of  the  commissioners,  though  the  rights  of  Southampton  were 
fully  protected  by  Section  5  of  the  enabhng  act,  which  reads: 
"  Provided  that  the  city  of  Holyoke  shall,  when  constructing  its 
pipe  line  through  the  town  of  Southampton,  place  a  "  Y  "  branch 
in  said  line  not  less  than  8  inches  in  diameter,  at  such  point  as 
may  be  designated  by  the  selectmen,  and  whenever  the  town  of 
Southampton  shall  vote  to  construct  water-works,  it  may  connect 
its  pipes  with  that  of  Holyoke,  and  draw  not  to  exceed  125  gallons 
daily  for  each  inhabitant,  without  expense  to  said  town." 

By  August  the  plans  had  been  determined  upon  and  a  contract 
made  with  Fred  S.  Ley,  of  Springfield,  to  construct  an  intake  res- 
ervoir with  an  earthen  dam  having  a  concrete  core,  and  the  work 
was  nearly  completed  before  cold  weather  set  in.  Under  the 
contract  was  included  "cleaning  and  grubbing  the  reservoir  and 
dam  site,  and  removing  whatever  might  endanger  the  permanency 
of  the  work  or  the  purity  of  the  water."  The  total  length  of  the 
dam  is  900  feet  from  its  extreme  end  to  the  overflow.  Its  width 
is. 15  feet,  with  a  slight  crown  in  the  middle. 
,  In  connecting  this  reservoir  with  the  ponds,  great  care  was 
exercised  in  selecting  the  course  of  the  pipe,  so  as  to  obtain  the 
best  possible  result  from  an  economical  as  well  as  from  the  en- 
gineering standpoint,  and  all  bends  and  curves,  both  horizontal 
and  vertical,  were  laid  with  radii  not  less  than  one  thousand  feet. 
So  skillfully  were  the  plans  laid  and  the  details  attended  to,  that 
the  whole  line  was  constructed  of  straight  pipe  12  feet  in  length, 
without  a  single  special  casting.  So  far  as  we  know,  it  is  the  first 
cast-iron  pipe  of  its  length  and  size  in  this  country  with  all  its 
bends  and  curves  laid  with  radii  of  such  length.     The  work  was 
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completed  early  in  1898.  The  reservoir  was  christened  "  Fomer," 
and  on  May  4  of  that  year  water  was  for  the  first  time  let  through 
the  entire  ten  and  a  half  miles  of  pipe. 

The  results  of  this  new  addition  to  the  city's  water  supply  were 
at  once  apparent.  The  next  year,  1899,  furnished  the  longest 
and  driest  dry  season  since  the  inception  of  the  water  works,  and, 
while  other  cities  and  towns  were  full  of  anxiety  and  resorted  to 
great  expense  to  avoid  serious  calamity,  Holyoke  moved  on  her 
way  with  perfect  serenity,  having  an  abundant  supply  of  whole- 
some water. 

Our  water  supply  was  now  almost  ideal,  except  in  one  particu- 
lar. In  quantity,  quality,  and  wholesomeness,  it  was  all  that  could 
be  desired.  But  its  pressure  was  not  sufficiently  great  to  secure 
ample  fire  protection  in  all  parts  of  the  city.  The  board,  not 
stopping  to  rest  upon  the  laurels  already  won,  at  once  set  out  to 
obtain  the  required  pressure,  and  thus  make  the  supply  a  model 
one  in  every  respect. 

Three  plans  were  considered  by  Engineer  Tighe,  all  of  them 
practicable: 

1 .  A  direct  high-service  system,  by  cutting  off  from  the  main- 
pipe  system  that  portion  in  which  a  high  service  is  desirable,  and 
establishing  a  high  pressure  by  power,  that  is,  by  pumping  from 
Ashley  or  Whiting  Street  Reservoir  directly  into  the  pipes,  in 
which  the  pressure  could  be  regulated  by  the  power  of  the  pumps  ; 

2.  To  pump  into  a  standpipe  or  reservoir  located  on  Crafts 
Hill,  from  which  the  pressure  would  be  furnished  by  gravity;  and 

3.  To  build  a  high-service  reservoir  on  Tatro  Brook,  one  of  the 
principal  feeders  of  Ashle^^ 

The  last  plan  seemed  the  best  from  every  point  of  view,  and 
was  adopted.  The  task  of  preparing  the  basin  for  the  new  reser- 
voir was  a  gigantic  one.  It  was  commenced  in  1899,  laid  aside 
for  two  years,  and  taken  up  vigorously  again  in  1902.  Besides 
a  great  amount  of  underbrush,  there  was  an  almost  endless  array 
of  stumps, —  some  12  000  by  actual  count, —  making  a  pile,  after 
they  were  dug  out,  from  50  to  100  feet  wide  and  15  feet  high,  ex- 
tending the  full  length  of  the  reservoir.  After  they  had  suc- 
cumbed to  fire,  there  were  twenty  acres  of  muck  to  be  dealt 
with,  and  thousands  upon  thousands  of  loads  were  dumped  into 
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a  convenient  ravine.  Below  the  muck  was  a  gravelly  subsoil, 
then  clay,  and  below  this  another  layer  of  sand. 

The  dam  is  1  600  feet  long  and  35  feet  high  at  the  gate  house. 
It  has  a  uniform  width  of  25  feet  on  top,  with  a  15-foot  roadway, 
with  grass  on  either  side  and  on  the  outside  slope. 

The  entire  work,  both  of  preparing  the  reservoir  and  construct- 
ing the  dam,  has  been  done  by  the  Water  Department,  under 
direction  of  its  engineer,  Mr.  Tighe. 

The  area  of  the  reservoir  is  65  acres,  and  its  capacity  some 
350  000  000  gallons.  Its  height  abo  ve  Ashley  overflow  is  108 
feet.  Its  entire  cost  was  about  $130  000.  The  masonry  core  wall 
cost  a  little  less  than  $6.00  per  cubic  yard,  the  embankment 
60  cents  and  stripping  and  grubbing  40  cents  per  cubic  yard. 

A  few  points  have  been  passed  over  or  merely  alluded  to  in  the 
above  historical  survey  which  merit  more  consideration. 

The  policy  of  the  Water  Department  in  purchasing  land  so  as 
to  control  the  watersheds  has  been  considerably  criticised  at  times, 
but  the  far-sighted  wisdom  of  the  course  is  now  generally  ac- 
knowledged. Similar  policy  would  have  saved  one  of  our  sister 
cities  much  of  the  trouble  and  inconvenience  with  which  she  is 
struggling  to-day. 

The  water  commissioners  have  made  a  special  point  of  looking 
after  the  cleanliness  of  the  property  bordering  on  the  ponds.  It 
is  regularly  patrolled  by  men  of  the  department,  and  great  vigi- 
lance is  exercised  in  protecting  the  waters  in  the  reservoirs  from 
all  pollution.  Careful  consideration  has  been  given  to  the  beauty 
of  the  surroundings  also,  and  now  the  entire  system  presents  some- 
what the  ai^pearance  of  a  series  of  parks,  where  everything 
unsightly  has  been  removed,  and  every  attention  given  to  beau- 
tifying and  making  attractive. 

In  1874  meters  were  placed  in  each  manufacturing  establish- 
ment using  city  water.  The  rates  established  were  said  to  be 
lower  than  in  any  other  place  in  the  country,  that  for  the  smallest 
monthly  use  being  one  half  and  for  the  largest  use  one  sixth  of  the 
rates  of  Boston,  Cambridge,  Providence,  and  New  York.  It  may 
be  remarked  also  that  the  ordinary  water  rates  are  the  lowest  of 
any  city  in  the  Union,  the  rate  per  family  being  $3.60  per  year. 
While  the  policy  of  installing  meters  generally  throughout  the  city 
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has  been  the  subject  of  more  or  less  discussion  privately,  it  has 
never  been  formally  considered  by  the  board. 

It  maj^  be  noted  here  that  since  the  opening  of  the  Fomer  Reser- 
voir accurate  measurements  have  been  taken  daily,  so  that  the 
exact  amount  of  water  passing  into  the  main  is  known,  as  also  the 
amount  yielded  by  the  watershed,  the  results  tallying  very  closely 
with  the  calculations  of  Engineer  Tighe  before  the  reservoir  was 
in  existence.  And  the  department  is  now  placing  two  16-inch 
meters,  made  by  the  National  Meter  Company  of  New  York,  and 
two  Venturi  meters,  one  16-inch  and  one  24-inch,  for  the  purpose 
of  measuring  accurately  all  water  coming  into  the  city. 

The  mains  are  controlled  by  valves  placed  at  each  cross  street. 
All  service  pipes  from  the  main  to  the  curb  are  controlled  by  the 
Water  Department,  who  have  recently  adopted  the  tin-lined  pipe. 

It  has  been  the  policy  of  the  board  to  put  in  6-inch,  two-  and 
three-way  hydrants  at  intervals  of  five  hundred  feet.  A  valve  is 
placed  in  the  hydrant  pipe,  between  the  hydrant  and  main,  for 
protection.  These  hydrants  are  in  charge  of  the  Water  Depart- 
ment, and  one  man  is  assigned  to  the  special  duty  of  looking  after 
all  public  hydrants.  He  attends  all  fires  and  sees  that  the 
hydrants  used  are  properly  closed.  No  one  is  allowed  to  use  or 
touch  a  public  hydrant  without  permission  of  the  department, 
and  all  such  use  is  under  the  supervision  of  the  superintendent. 

By  a  special  act  of  the  Legislature  in  1901,  the  city  was  allowed 
the  right  to  tax  the  property  of  the  Water  Department,  upon  its 
construction,  at  the  regular  rate  of  taxation  for  private  property, 
and  the  department  in  turn  charges  each  municipal  department 
for  all  water  used,  the  Fire  Department  paying  an  annual  rental  of 
eight  dollars  per  hydrant.  This  law  was  petitioned  for  by  the 
mayor  and  water  commissioners  jointly,  and  became  operative  in 
1902.  Its  motive  was  found  in  a  somewhat  general  feeling  that 
the  Water  Department,  being  a  successful  and  prosperous  business 
enterprise,  should  bear  its  share  of  the  municipal  burden.  Its 
operation  has  caused  a  noticeable  dimunition  in  the  amount  of 
water  used  in  the  public  buildings. 

There  is  one  feature  in  our  pipe  system  which  must  be  of  some 
interest,  at  least  to  the  uninitiated.  It  is  where  three  pipe  lines, 
namely,  two  16-inch  and  a  24-inch  line,  are  fed  by  a  single  20-inch 
line. 
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As  already  stated  in  this  paper,  the  original  pipe  line  from  Ash- 
ley Reservoir  was  built  of  two  sizes  of  cast-iron  pipe, —  20  inches 
in  diameter  for  the  first  1  600  feet  and  16  inches  for  the  remainder. 
The  larger  size  was  laid  through  a  hill  1  300  feet  in  length,  where 
a  great  part  of  the  excavation  was  over  50  feet  in  depth,  and  con- 
siderable of  it  was  rock.  The  carrying  capacity  of  this  line  was 
sufficient  for  the  requirements  of  the  city  until  the  year  1886, 
when  a  second  16-inch  line  was  laid  from  the  end  of  the  20-inch 
main  to  the  city. 

As  the  years  went  by,  the  pressure  in  the  business  centers  of  the 
city  gradually  decreased,  until,  in  1900,  it  was  only  25  pounds  at 
the  City  Hall,  where  it  was  formerly  45  pounds.  The  situation  was 
becoming  rather  serious  and  demanded  prompt  attention.  The 
laying  of  another  pipe  through  the  1  300  feet  or  so  of  hill  would 
be  an  expensive  and  difficult  work,  especially  since  the  excava- 
tion for  the  first  pipe  line  was  not  made  wide  enough  for  a  second 
pipe,  and,  besides,  the  trench  excavated  was  practically  all  re- 
filled. To  overcome  this  difficulty  and  save  expense,  the  proposi- 
tion was  advanced  by  the  Engineering  Department  that  if  a  third 
pipe  line,  24  inches  in  diameter,  was  connected  at  the  end  of  the 
rock  cut,  so-called,  with  the  20-inch  pipe  in  the  same  manner  as 
the  two  16-inch  lines,  the  pressure  would  be  increased  at  least  20 
pounds.  The  proposition  of  having  a  20-inch  pipe  feed  two  16- 
inch- pipes  and  a  24-inch  pipe,  and  increase  the  pressure  besides, 
could  not  but  appear  absurd  to  the  lay  mind.  However,  the 
water  commissioners  were  finally  convinced  of  its  practicability. 
The  24-inch  pipe  line  was  laid,  and  the  correctness  of  the  proposi- 
tion demonstrated,  as  the  pressure  was  increased  at  once  by  an 
average  of  22  pounds,  bringing  back  the  pressure  at  the  City  Hall 
to  45  pounds. 

One  matter  which  may  not  be  passed  over  in  a  paper  of  this 
kind  has  not  yet  been  alluded  to.  In  common  with  many  other 
places,  the  board  has  had  a  long  and  perplexing  fight  with  the  un- 
pleasant odor  and  taste  which  occasionally  characterized  the 
water.  This  first  began  to  be  noticeable  in  the  fall  of  1875, 
though  tradition  has  it  that  back  in  1847  or  1848  Wright's  Pond 
was  badly  affected,  and  its  waters  even  discolored.  But  in  Octo- 
ber, 1875,  the  water  commenced  to  have  a  fishy  taste,  and  to  emit 
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an  offensive  odor  when  boiled.  It  rapidly  grew  worse.  "Eel 
juice  "  was  its  common  appellation,  and  the  term  sufficiently  de- 
scribes it.  A  thorough  flushing  of  the  mains  was  resorted  to  with- 
out effect.  Then,  on  the  theory  that  the  cause  might  be  found  in 
the  swampy  bottom  of  a  part  of  Wright's  Pond,  the  water  of  the 
latter  was  drawn  down  as  low  as  possible,  and  the  pure  water  of 
Ashley  admitted.  This  made  no  appreciable  difference.  Sam- 
ples of  water  taken  from  different  points  in  the  two  ponds,  and  also 
from  house  faucets  in  the  city,  were  submitted  to  Professor  Goess- 
mann  of  the  Massachusetts  Agricultural  College,  who  had  made 
the  original  analyses  for  the  Water  Supply  Committee.  He 
reported  that  there  was  no  material  difference  in  the  samples,  and 
that  the  chemical  analysis  showed  practically  the  same  result  as 
in  1872.  About  the  end  of  March  the  offensive  taste  and  odor  sud- 
denly and  mysteriously  disappeared  after  a  stay  of  five  months, 
during  which  neither  the  most  careful  microscopic  examination 
nor  chemical  analysis  revealed  the  presence  of  any  disturbing  or 
noxious  element  in  the  water,  and  it  is  by  no  means  certain  that 
any  of  the  measures  resorted  to  for  the  purpose  of  mitigating  or 
removing  the  evil  had  any  effect  whatever. 

In  February  the  ponds  Were  visited  by  Professor  Nichols  of  the 
Massachusetts  Institute  of  Technology,  who  was  then  employed 
in  investigating  the  peculiar  condition  of  one  of  Boston's  reser- 
voirs. In  his  report,  while  mentioning  several  theories  that 
seemed  more  or  less  plausible,  he  said,  "  I  do  not  feel  that  we  pos- 
sess sufficient  evidence  as  yet  to  justify  us  in  adopting  any  theory." 
The  trouble  recurred  at  intervals,  but  in  1880  "was  worse  than  ever 
before.  The  local  paper  teemed  with  essays  from  indignant  citi- 
zens on,"  What  Ails  our  Water?"  and  kindred  subjects,  while  its 
columns  were  largely  used  by  engineers  to  lash  each  other's  pet 
theories.  The  assurance  that  whatever  the  trouble  was,  it  did 
not  impair  the  healthfulness  of  the  water,  did  not  seem  to  satisfy 
people  in  general,  and  the  lives  of  the  water  commissioners  were 
made  a  burden  to  them.  In  their  perplexity  they  consulted  dis- 
tinguished engineers,  among  them  Mr.  J.  N.  Tubbs,  chief  engineer  of 
the  water  works  of  Rochester,  N.  Y.  In  his  report  he  expressed  a 
belief  that  the  trouble  was  caused  by  the  "  disintegration  and  death 
of  microscopic  plant  organisms  which,  at  a  certain  period  of  their 
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growth,  become  detached  from  stalk  or  bottom,  and  for  a  time 
remain  suspended  at  or  near  the  surface  of  the  water."  He  recom- 
mended, therefore,  the  extension  of  the  main  pipe  several  hun- 
dred feet  out  into  the  pond,  to  where  the  water  is  thirty  feet  deep, 
and  also  that  when  the  water  was  low  the  exposed  bottom  should 
be  covered  with  gravel.  Engineer  Herschel  was  also  consulted, 
and  made  recommendations.  However,  on  account  of  the  ac- 
knowledged uncertainty  as  to  the  cause,  no  action  was  taken 
towards  carrying  out  any  of  the  recommendations. 

In  the  spring  of  1902  there  was  a  fresh  invasion  of  the  old  evil, 
the  disagreeable  taste  and  odor  appearing  in  full  strength.  The 
hydrants  were  opened  and  the  mains  flushed  at  intervals,  both  in 
the  day  time  and  at  night,  but  without  apparent  effect.  Finally, 
by  invitation  of  the  commissioners,  the  State  Board  of  Health 
came  to  Holyoke  and  investigated.  Their  conclusion  was  that 
already  reached  by  Engineer  Tighe,  namely,  that  the  principal 
cause  of  the  evil  was  Uroglena,  microscopic  animalculae,  which 
for  a  long  time  were  classified  as  plants.  The  cause  of  their  sud- 
den appearance  and  disappearance  is  still  an  unsolved  problem. 
The  Water  Board  of  Holyoke,  accepting  this  theory,  and  find- 
ing, after  careful  testing,  no  traces  of  Uroglena  in  the  Fomer, 
Whiting  Street,  and  Tannery  reservoirs,  made  a  new  arrangement 
whereby,  when  the  Uroglena  appear,  the  offending  pond  can  be 
cutoff  from  the  mains  and  sent  to  the  hospital,  as  it  were,  until  it 
recovers.  Thus  they  believe  they  have  won  the  long  fight,  and 
that  the  unpalatable  condition  of  the  water  will  soon  be  but  an 
odorous  memory. 

-The  fiowage  area  of  the  reservoirs  now  in  existence,  including 
the^high-pressure  reservoir,  is  475  acres.  The  area  of  the  water- 
sheds of  Ashley,  Wright's,  and  Whiting  Street  is  4|  square  miles 
and  their  available  storage  capacity  is  1  700  000  000  gallons. 
This  is  a  large  reservoir  development,  and  makes  available  a  daily 
yield  of  900  000  gallons  for  each  square  mile  of  watershed.  Prac- 
tically speaking,  it  makes  available  almost  the  entire  total  yield 
of  the  watersheds,  and  further  development  on  these  sheds  might 
be  well  questioned  from  the  standpoint  of  economy. 

The  watershed  of  the  Fomer,  which  has  an  area  of  13  square 
miles,  has  several  sites  for  large  storage  reservoirs  which,  when  de- 
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veloped,  will  furnish  a  daily  yield  of  10  000  000  gallons.  At  present 
there  is  only  an  intake  reservoir  of  17  000  000  gallons  capacity. 
About  H  miles  above  this  intake  is  a  site  for  a  storage  reservoir, 
where  a  dam  50  feet  high  and  200  feet  long  will  impound  750  000- 
000  gallons  on  an  area  of  131  acres.  The  development  of  this 
reservoir,  or  one  of  the  others  on  the  watershed,  will  command  the 
attention  of  the  water  department  in  the  near  future.  This  will 
make  available  from  our  watersheds,  with  an  area  of  17f  square 
miles,  a  yield  of  14  000  000  gallons  per  day,  or  a  quantity  suffi- 
cient, allowing  100  gallons  per  capita,  to  supply  a  population  of 
140  000. 

The  water  supply  of  Holyoke  is  now  a  model  one.  There  is  an 
abundance  of  pure,  wholesome  water  for  all  the  needs  of  the  pres- 
ent, and -plans  have  been  definitely  laid  to  meet  the  exigencies  of 
the  future.  It  stands  to-day  a  lasting  monument  to  the  wisdom, 
energy,  integrity,  and  skill  of  those  who  hav'e  had  it  in  charge. 
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BY    EDWARD    ATKINSON,    PRESIDENT  BOSTON  MANUFACTURERS' 
MUTUAL   FIRE    INSURANCE    CO.,    BOSTON,    MASS. 

[September  15,  1904-1 

Mr.  President,  —  I  never  get  over  the  sense  that  it  is  a  sort  of 
gigantic  joke  for  myself,  who  never  had  any  scientific  training 
of  any  kind,  to  get  up  before  you  gentlemen  and  discuss  or  present 
hypotheses  which  I  have  dug  out  of  my  own  inner  consciousness,  — 
in  this  case  having  mud  on  the  brain.  But  when  one  gets  pretty 
near  eighty  he  can  afford  to  lay  aside  all  his  native  modesty  and 
tell  what  he  thinks  he  knows,  and,  by  putting  it  before  gentlemen 
who  do  know,  find  out  for  himself  whether  what  he  thinks  he 
knows  is  based  on  fact  or  not. 

I  greatly  feared  that  I  should  be  unable  to  be  here,  and  there- 
fore I  jotted  down  a  very  short  statement  of  what  we  have  accom- 
plished in  laboratory  practice.  And  here  again  you  all  know  how 
dangerous  it  is  to  put  hypotheses  into  commercial  practice  on  the 
basis  of  the  laboratory.  Many  things  can  be  done  in  the  laboratory 
that  do  not  pan  out  when  you  attempt  to  apply  them  commercially. 
With  this  qualification  I  will  tell  you  what  we  have  done  since  I 
presented  the  visionary  aspect  of  this  subject  before  you  last  year. 

The  experiments  on  the  contents  of  many  bogs  have  been 
continued  since  that  meeting,  and  what  then  seemed  to  be  a 
somewhat  visionary  proposition  may  develop  into  burning  facts. 

The  ciuantity  of  coal  in  its  primary  form,  underlying  great  cedar 
swamps  and  bogs  covered  with  grasses,  containing  very  little 
moss,  can  be  converted  into  briquettes  in  a  small  machine  which 
would  correspond  to  a  magnified  meat-chopper,  a  diagram  of 
which  I  have  here,  at  the  rate  of  ten  tons,  dry  weight,  per  day  of 
ten  hours,  with  one  horse-power  for  the  operation  of  the  machine. 
This  machine  can  be  supplied  on  a  large  scale  at  $50  and  singly 
at  about  $75. 
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It  is  a  development  of  the  original  machine  which  I  happened 
to  invent  in  1866-67,  when,  coal  being  $12  a  ton  in  paper  money 
prices,  we  developed  a  moss  peat  bog.  Keep  in  your  minds  the 
distinction  between  the  sphagnum  moss  or  ordinary  peat  bogs 
and  the  grass  peat  bogs  to  which  your  attention  is  mainly  called. 
I  invented  a  little  machine  which,  fortunately,  I  patented,  and 
that  worked  for  many  months  and  fed  our  boilers  for  a  30  000 
spindle  mill  with  the  product  of  a  moss  peat  bog  worked  through 
this  machine.  I  did  not  know  what  I  was  doing  then;  now 
I  know.  When  coal  got  back  to  $5  a  ton,  we  dropped  the  use 
of  the  machine,  and  I  sold  it  or  gave  it  to  Nathaniel  W.  Farwell 
of  Lewiston,  and  he  worked  it  at  Lewiston  for  a  longer  period. 
I  am  rejoiced  that  that  original  machine  has  been  found  stored 
away  in  a  barn,  and  it  has  been  rigged  up  and  is  working  again 
in  its  rough,  crude  way.  The  machine  which  Professor  Norton 
and  I  have  now  constructed  is  simply  a  development  of  that 
machine,  and  I  say  I  fortunately  patented  it,  because  I  find 
that  all  the  European  machines  in  which  this  practice  has  been 
extended  on  different  kinds,  mainly  of  moss  peats,  are  simply 
counterparts  of  rather  a  complex  and  expensive  kind.  Efforts 
which  have  been  made  to  get  patents  in  this  country  and  to  hold 
the  bottom  patents  are  cut  off  entirely  by  the  existence  of  my 
old  patent  which  has  expired;  and  step  by  step,  as  fast  as  we 
think  we  learn  anything,  according  to  our  common  practice,  we 
immediatelj'  publish  it,  so  that  there  is  no  possibility  of  an}^ 
monopoly  or  any  bottom  patent  on  any  part  of  this  work.  There 
maj^  be,  and  I  hope  there  will  be,  many  devices,  modifications  and 
patents,  for  as  in  the  case  of  many  such  inventions,  there  are 
forty  different  ways  of  doing  the  same  thing;  and  I  would  not 
give  a  rap  either  for  any  patent  that  can  be  issued  hereafter  on 
the  conversion  of  this  material  into  gas,  for  all  the  principal  gas 
patents  have  expired  on  any  mechanism  which  may  be  patented 
for  the  work. 

The  calorific  value  of  the  briquettes  varies  according  to  the 
kind  of  plant  growth  from  which  the  carbons  and  hydrocarbons 
have  been  derived,  and  somewhat  according  to  the  depth  and 
age  of  the  mud;  perhaps  seventy  per  cent,  of  the  calorific  value  of 
average  gas  coal  would  be  a  conservative  estimate.     When  the 
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hairy  vesicles  in  which  the  hydrocarbons  are  contained,  and 
which  I  suppose  to  have  been  originally  the  veins  by  which  the 
juices  of  the  plant  were  conveyed,  are  broken  in  the  machine,  this 
adhesive  hydrocarbon  spreads  through  the  mass,  making  a 
briquette  that  can  be  easily  handled.  Dried  in  not  less  than 
four  weeks  in  the  shade,  it  condenses  itself  without  compression, 
coming  down  to  a  water  content  of  probably  15,  possibly  20, 
per  cent.,  in  hygroscopic  form. 

In  the  mud  from  a  bog  in  the  southern  part  of  Brookline,  about 
a  mile  and  a  half  from  my  own  house,  which  was  worked  on  my 
lawn  at  a  meeting  of  the  American  Academy  of  Arts  and  Sciences, 
the  proportion  convertible  into  gas  is  a  little  in  excess  of  46  per 
cent.,  as  against  36  per  cent,  in  the  best  Westmoreland  gas  coal. 
Here  are  samples  made  on  the  8th  of  June  in  a  little  machine 
which  I  set  up  on  my  lawn.  At  the  same  time  I  had  some  bri- 
quettes made  from  miscellaneous  mud,  about  four  weeks  old, 
which  I  placed  in  the  open  fireplace  in  my  library, —  fortunately 
it  was  a  cold,  easterly  day,  —  and  set  on  fire  with  some  kindlings 
at  half  past  four.  They  burned  with  a  hot  fire,  free  of  smoke 
and  soot,  giving  a  delicious  peaty  odor  to  the  atmosphere,  until 
half  past  ten,  when  they  were  entirely  consumed.  This  material 
would  burn  on  a  grate  in  the  open  without  any  artificial  draft.  I 
also  had  a  glass  jar  receptacle,  under  a  water  seal,  of  illuminating 
gas  made  from  the  same  material,  with  a  gas  burner  attached, 
which  I  lighted  in  the  parlor  and  showed  to  my  scientific  friends, 
afterward  inviting  them  to  partake  of  an  afternoon  meal  or 
supper  cooked  in  the  Aladdin  Oven.  (Applause  and  laughter.) 
.  I  suggest  to  the  members  of  the  Association,  whenever  dealing 
with  a  deposit  of  this  modern  coal,  to  bear  in  mind  that  all  coal 
has  once  been  mud  partially  or  wholly  coked  under  pressure  by 
internal  heat.  You  will  bear  in  mind  that  when  vegetable  matter 
falls  into  water  the  anaerobic  microbes,  which  hve  on  the  albu- 
minoids, consume  the  albuminoids,  and  then,  when  they  die, 
they  are  converted  into  gas  and  make  the  marsh  gas,  the  will-o'- 
the-wisp  which  Tam  O'  Shanter  ran  away  from.  I  am  the 
modern  Tam  O.'  Shanter  running  after  them.     (Laughter.) 

The  carbon  is  retained  in  the  form  of  fixed  carbon  and  the 
hydrocarbon   in   the   vesicles   combined   with   water.     We   may 
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have  substituted  a  simple  little  mechanical  contrivance  for  doing 
the  same  thing  which  geological  ages  do  in  the  conversion  of 
mud  into  —  what  is  it?  Coal?  Call  it  what  you  please;  I  call 
it  bog  fuel. 

I  would  advise  you  all  to  procure  a  large-sized  meat-chopper, 
work  the  mud  through  that,  form  it  into  briquettes  in  a  biscuit 
])an  and  put  it  down  in  a  corner  of  the  kitchen  to  dry  off,  and 
see  what  you  have.  If  you  want  to  make  some  coke,  take 
an  iron  kettle,  put  your  briquettes  in  it,  fasten  on  a  tin  cover, 
make  a  little  hole  in  the  cover  with  an  awl,  set  the  kettle  on  the 
stove  and  heat  it  to  a  red  heat,  set  the  gas  on  fire  after  the  steam 
has  passed,  and  when  the  gas  ceases  to  burn  take  the  kettle  off, 
and,  of  course,  let  it  cool  off  without  removing  the  cover  so  it 
may  not  take  fire,  and  then  find  out  what  you  have.  You 
will  find  some  coke.  One  of  my  correspondents  in  Iowa  has 
written  to  me  that  he  bought  the  largest  meat-chopper  he  could 
find,  and  made  a  ton  of  first-class  household  fuel  in  that  way, 
without  coking  it,  at  the  rate  of  six  pounds  per  minute.  In  about 
five  hours  he  had  a  ton  which  he  says  met  all  the  conditions  of 
the  best  household  fuel. 

All  the  work  that  we  can  do  in  the  laboratory  is  ended.  Our 
final  report  will  be  made  very  soon,  now  that  Professor  Norton 
has  returned  from  his  summer  vacation.  If  these  facts  which 
have  been  developed  in  the  laboratory  can  be  justified  in  com- 
mercial practice,  this  spells  evolution  and  perhaps  revolution. 
I  have  brought  here  my  two  reports  already  published,  one  on 
mud  fuel  and  the  other  on  bog  fuel,  and  two  copies  of  diagrams 
of  the  machine.  I  will  supply  copies  of  these  reports,  and  of 
our  third  and  final  report  when  it  is  issued,  to  any  one  of  you  who 
will  send  a  postal  or  will  call  at  my  office,  31  Milk  Street,  Boston. 
I  have  there  a  museum  collection  of  the  products  of  bogs  in 
Europe;  although,  as  I  told  you  last  year,  this  originated  acci- 
dentally in  my  own  mind  when  I  was  riding  through  Bristol 
County,  by  the  bogs,  to  my  summer  place.  Thinking  about  com- 
pressing corn-stalks  for  fuel,  and  looking  out  on  that  great  area 
of  bogs  it  suddenly  occurred  to  me,  "  Why,  all  that  stuff  is  car- 
bon. Will  mud  burn?  "  I  found  it  would.  There  are  as  yet 
no  recorded  data  by  which  the  number  or  area  of  these  bogs  can 
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be  determined.  They  have  always  been  looked  upon  as  waste, 
worthless,  and  to  be  bought  in  any  quantity  at  $5  an  acre.  If 
members  of  the  Water  Works  Association  will  give  me  informa- 
tion of  a  general  kind,  as  to  the  place,  approximate  area,  depth 
and  surroundings  of  such  dci)osits,  it  will  be  very  serviceable. 

While  we  shall  presently  make  a  final  report  of  laboratory 
practice,  giving  way  to  the  commerical  undertakings  that  are  now 
being  entered  upon,  we  shall  still  continue  our  investigations  and 
tests  in  respect  to  the  quality  of  the  different  deposits,  and  yet 
more  to  the  analysis  of  the  gases  and  the  separation  of  the  sec- 
ondary products,  one  large  element  of  value  in  which  will  be  wood 
alcohol.  We  therefore  invite  wide  correspondence,  and  you  may 
ask  any  question  by  mail,  or  send  me  a  kegful  of  the  material 
at  any  time,  and  without  going  to  the  expense  of  an  analysis  we 
can  tell  you  whether  it  is  promising  or  not.  If  you  desire  to  have 
it  worked  and  find  out  its  calorific  value,  of  course,  as  the  Insur- 
ance Engineering  Station  is  not  a  charitable  institution,  but 
depends  upon  voluntary  contributions  for  its  support,  we  must 
make  suitable  charges  according  to  the  amount  of  work  which 
may  be  done.  I  invite  your  cooperation  in  the  development  of 
this  subject,  if  you  find  it  expedient  to  join. 

I  should  say  that  there  is  nothing  new  under  the  sun,  and 
although  this  idea  originated  in  my  own  mind,  yet,  like  every 
other  idea  that  comes  to  thoughtful  men  wlien  an  emergency 
couKis  upon  them,  other  people  had  been  seeking  for  emergency 
fuel,  and  moss  peat  fuel  as  a  substitute  for  coal  had  been  used 
in  many  i)arts  of  I<]urope  liefore  I  thought  of  it.  Singularly 
enough,  the  very  month  in  which  1  had  begun  to  work  there 
appeared  an  article  in  the  FortnighUy  Review  by  a  retired  gen- 
eral of  the  British  army,  dealing  with  the  great  bog  of  Arran  in 
Ireland,  and  predicting  that  that  bog  would  become  the  source 
of  energy  by  which  the  manufactures  of  Ireland  could  be  restored; 
and  they  are  now  working  that  bog  on  lines  similar  to  those  that 
we  are  working  on,  and  I  am  in  correspondence  with  the  engineer. 

It  also  appeared  that  in  Sweden  they  have  bogs  which,  so 
far  as  I  can  leaj'n,  are  mainly  moss  and  are  not  equal  to  ours  in 
quantity,  depth  or  quality.  And  yet  Sweden  has  become  prac- 
tically independent  of  English  coal,  and  a  most  thorough  and 
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scientific  report  has  been  made  by  the  Swedish  government, 
giving  the  details  of  the  development  of  bog  fuel  throughout 
Europe.  In  memory  of  this  some  of  the  dried  and  prepared  bog 
fuel  has  been  reduced  to  a  powder  and  then  compressed.  You 
cannot  compress  it  in  its  natural  state,  or  except  at  a  very  heavy 
expense  which  precludes  compression.  You  will  bear  in  mind 
that  it  condenses  itself  when  the  hydrocarbons  are  released.  It 
then  begins  to  shed  water  and  dries  down  naturally  to  a  density 
of  about  the  specific  gravity  of  coal,  and  in  some  cases  to  the 
specific  gravity  of  coal.  And  I  have  a  sample  of  mud  from 
somewhere  in  Michigan,  of  which  there  is  not  a  very  large  quantity, 
and  which  the  discoverers  are  buying  up,  which  is  heavier  than 
anthracite  coal  and  burns  without  leaving  any  ash  whatever. 
Whatever  is  left  is  so  fine  that  it  goes  off.  Some  of  our  bog  mud 
leaves  about  6  per  cent,  of  pure  silica.  That  probably  consists 
of  the  diatoms,  which  are  the  skeletons  of  the  protoplasms  that 
live  on  the  stalks  of  sphagnum  moss  and  make  the  great  deposits 
of  earth  which  are  found  in  the  ordinary  peat  bogs,  or  else  it  is 
silica  from  the  grass.  It  runs  up  from  6  per  cent,  of  ash  to  16 
or  17,  where  there  are  brooks  or  rivers  which  occasionally  bring 
in  silt,  and  then  the  ash  will  not  be  entirely  pure  silica.  As  I 
saidj  in  Sweden  they  have  ground  up  this  material  and  then 
compressed  it  and  have  issued  a  medal  made  of  it.  Here  is  a 
medal,  with  King  Oscar's  face  on  it,  in  memory  of  the  independ- 
ence of  Sweden  from  coal  for  ordinary  purposes. 

I  will  first  pass  around  the  samples  of  bog  fuel  made  on  the 
8th  of  June  on  my  lawn  from  a  barrel  of  mud  which  was  dug 
rather  close  to  the  shore.  It  contains  16  per  cent,  of  ash,  and 
has  about  70  per  cent,  of  the  calorific  value  of  coal  in  thermal 
units.  That  yields  46  per  cent,  volatile  as  against  36  per  cent, 
for  the  best  gas  coal. 

Our  first  experiments  were,  made  upon  the  nuul  of  a  groat 
cedar  swamp  which  lies  between  Easton  and  Taunton.  From  all  I 
can  learn  there  are  about  20  square  miles  in  that  swamp;  it  is 
of  very  irregular  form,  and  in  many  places  it  is  40  feet  deep. 
Oliver  Ames  explored  it  many  years  ago  with  the  idea  that  it 
might  be  drained  and  the  water  table  reduced,  and  he  came  to 
the  conclusion  that  the  average  depth  of  the  mud  was  25  feet. 
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Now,  if  there  are  20  square  miles  25  feet  deep,  there  are  at  least 
200  000  000  tons,  dry  weight,  of  this  fuel  in  that  one  bog.  It  is 
of  a  higher  calorific  value  than  the  Brookline  mud,  and  it  probably 
contains  an  equal  or  greater  quantity  of  volatile.  There  is  a 
specimen  of  it  air-dried,  without  the  breaking  of  the  vesicles  of 
hydrocarbon  in  the  machine.  Here  are  samples  of  the  briquettes, 
which  were  originally  about  double  or  three  times  the  section, 
showing  how  it,  as  you  may  say,  compresses  itself  when  dried  in 
the  proper  manner. 

After  the  Brookline  experiments  I  placed  a  lot  of  the  briquettes 
on  boards  out  on  my  lawn,  where  they  were  exposed  for  two 
weeks  to  the  hot  sun  in  a  period  when  there  was  very  little  rain, 
and  it  proved  that  they  dried  too  quickly.  These  are  friable  and 
could  not  be  handled,  so  I  have  not  been  able  to  keep  a  whole 
briquette.  The  stuff  emerges  from  the  orifice  of  the  machine  in  a 
section  of  about  twice  or  three  times  that,  and  is  hard  enough  to 
be  handled  and  be  set  up  cob-house  fashion  perhaps  two  or  three 
deep,  which  will  require  less  space  for  drying;  but  I  found  that 
this  dried  in  the  hot  sun  was  too  friable  and  remained  somewhat 
porous.  Here  is  a  sample  of  the  same  material  dried  more  slowly 
in  the  shade.  This  sample  was  dried  on  a  table  in  the  basement 
of  the  Institute  of  Technology  for  four  weeks,  when  it  was  ready 
to  burn. 

■  Here  are  samples  from  the  great  cedar  swamp,  —  the  original 
in  the  air-dried  condition,  and  after  the  working.  That  is  better 
and  richer  than  the  Brookhne  deposit. 

To  go  on  further  with  the  European  practice,  —  I  have  samples 
at  my  office  which  I  should  be  delighted  to  show  you,  —  in  Holland 
the  Dutchmen  are  converting  the  grass  mud  in  their  own  meadows 
or  "polders''  into  fuel  for  domestic  purposes  by  treading  it  out 
with  their  wooden  shoes  on.  They  are  working  it  commercially 
for  sale  at  a  cost  of  90  cents  a  ton. 

The  principal  experiments  in  Germany,  where  millions  of  tons 
are  sold,  are  on  the  high  moss  peats.  It  appears  that  in  Denmark 
and  all  over  Europe  certain  mosses  or  heathers  are  found,  as  in 
Scotland,  which  can  be  worked  and  are  converted  into  briquettes 
and  make  a  valuable  fuel,  and  that  is  sold  at  $2.50  a  ton.  There 
is  no  way  of  comparing  costs,  because  it  is  made  in  countries 
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where  wages  are  very  low  and  by  processes  in  which  there  is  a 
great  deal  of  hand  labor.  It  will  remain  for  us  to  invent  simpler 
machinery  as  we  have  here  for  working  the  peats,  and  to  substi- 
tute carriers  and  mechanism  for  the  so-called  cheap  labor  of 
Europe,  which  is  very  dear  labor  in  point  of  fact. 

In  Russia  the  work  has  become  so  important  that  the  govern- 
ment in  its  customary  manner  has  appropriated  all  the  bogs  and 
put  a  heavy  license  tax  on  in  order  to  get  a  revenue,  for  the  big 
war  which  they  are  now  carrying  on,  out  of  the  poor,  miserable 
peasants. 

In  Prussia  and  in  Austria  the  briquettes  are  sometimes  mixed 
with  waste  coal,  and  they  are  made  in  various  ways,  and  they  are 
used  by  locomotive  engines  and  steam  plants  and  for  a  great 
variety  of  purposes. 

In  eastern  Prussia  there  are  large  deposits  of  copper  pyrites 
which  have  been  worked  for  the  sulphur,  the  residuum  containing 
about  twenty  per  cent,  of  copper,  hitherto  so  friable  that  no  method 
had  been  found  for  smelting  it;  but  now^  they  mix  it  with  mud 
and  make  it  into  briquettes  strong  enough  to  stand  the  smelting 
process,  and  they  are  now  recovering  the  metal. 

Before  I  went  to  that  I  ought  to  have  shown  you  some  of 
this  coke.  Here  is  a  sample  of  coke  made  from  mud  found  near 
Hartford,  Conn.  There  is  rather  too  much  silt  in  it,  but  you 
W'ill  observe  that  it  is  excellent  coke.  This  has  attracted  the 
attention  of  our  clients  in  Connecticut  who  work  brass.  They 
have  heretofore  been  obliged  to  use  charcoal  and  wood  almost 
exclusively,  because  of  the  impossibility  of  finding  any  coal  that 
would  not  contain  traces  of  sulphur  and  phosphorus,  —  and 
sulphur  and  phosphorus  make  brass  brittle.  The  coke  made  from 
mud  is  absolutely  free  from  sulphur  and  phosphorus,  and  the 
brass-workers  are  about  giving  their  attention  to  it,  without 
much  regard  to  its  cost  as  compared  to  coal,  but  with  regard  to 
its  cost  as  compared  to  charcoal;  and  I  expect  very  great  com- 
mercial developments  from  that.  It  is  the  purest  coke  which 
can  be  made. 

In  Europe,  where  they  are  obliged  to  avoid  waste  to  an  extent 
of  which  we  are  completely  ignorant,  they  are  also  combining  the 
waste   sawdust   wdth    mud    and    making   little   briquettes   easily 
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transportable  for  kindling.  Every  great  pile  of  sawdust  —  and 
you  know  how  many  there  are  —  is  apt  to  lie  near  a  bog  back  of 
the  mill.  All  the  slabs  can  be  ground  easily,  and  all  that  waste 
can  be  combined  with  the  bog  fuel,  made  into  briquettes  and  con- 
verted into  light  fuel  suitable  for  kindling  and  for  many  purposes. 

The  secondary  products  have  been  found  to  be  quite  valuable. 
Some  of  the  high  moss  peats  contain  what  is  called  cotton  grass; 
I  think  we  do  not  have  it  in  this  country.  That  yields  a  fiber 
which  is  now  being  spun  and  woven  into  blankets  which  are  used 
in  hospital  practice,  their  sanitary  virtues  having  been  found 
to  be  very  great;  and  there  is  a  great  variety  of  secondary  prod- 
ucts. Our  own  students  who  took  this  for  their  graduation 
thesis  found  it  such  a  long  and  complex  piece  of  work  that  they 
had  not  finished  before  their  vacations,  and  the  papers  are  not 
yet  in  my  hands  for  pubhcation,  but  they  will  be  published 
presently  in  connection  with  the  third  and  final  report  of  our 
laboratory  practice.  There  is  a  very  large  quantity  of  wood 
alcohol,  there  is  paraffine,  tar  and  tar  water,  and  there  are  other 
more  curious  substances.  There  is  an  oil  derived  from  it  in  Paris, 
which  we  know  nothing  about,  which  has  peculiar  properties,  and 
what  will  come  of  that  we  know  not. 

I  had  thought  of  putting  up  a  little  commercial  plant;  for 
$1  000  I  could  start  a  20-ton  per  day  plant  in  my  own  neighbor- 
hood. But  both  Professor  Norton  and  myself  desire  to  keep 
absolutely  free,  if  we  can,  from  any  commercial  undertaking,  and 
to  act  judicially  in  developing  what  we  can  in  the  laboratory 
without  any  personal  interest  whatever  except  in  the  investigation 
and  publication  of  the  facts. 

One  gentleman  who  is  thoroughly  conversant  with  gas  came 
in  to  see  me  the  other  day.  He  had  already  bought  1  000  acres 
of  bog  which  can  be  drained,  and  that  will  be  a  great  advantage 
in  removing  a  considerable  part  of  the  water,  but  his  attention 
having  been  turned  to  this  he  is  now  looking  toward  it  not  only 
for  development  in  that  way  but  for  development  for  gas. 

Mr.  Loomis,  the  original  inventor  of  the  Loomis  gas  producers, 
is  now  the  senior  member  of  a  very  large  corporation  that  has 
lately  bought  600  acres  of  the  old  Cudahy  yards  near  Detroit, 
I  think,  where  they  are  putting  up  plants  for  the  manufacture 
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of  their  gas-producing  works  and  their  gas  engines.  They  have 
one  of  the  types  of  gas  engine  which  sucks  the  gas  from  the'  pro- 
ducer directly  to  the  engine  without  any  intervening  gas  holder. 
One  of  those  plants  of  80  horse-power  has  lately  been  started 
at  Enfield,  N.  H.,  and  is  now  in  operation.  As  that  interested 
me  from  the  underwriters'  point  of  view,  I  sent  one  of  our  best 
men  up  there  to  witness  the  start  and  the  operation,  to  see  if  it 
were  going  to  be  any  more  hazardous  from  the  fireman's  point 
of  view  than  a  steam  plant,  and  we  came  to  the  conclusion  that 
it  was  no  more  hazardous  and  perhaps  possibly  less  so.  They  are 
prepared  to  provide  now  gas  engines  of  from  50  to  2  000  horse- 
power, on  a  guarantee  of  one  horse-power  per  hour  to  one  pound 
of  coal.  That  is  about  one  half  better  than  the  average  practice, 
and  is  a  tenth  better  than  the  best  result  ever  attained  in  any 
steam  engine  within  our  knowledge,  —  that  attained  by  Fitz- 
Gerald  at  the  pumping  station  in  Boston,  —  and  equaled  only 
in  one  factory  that  I  know  of,  where  in  the  Merrimac  yard  in 
the  new  plant  they  did  work  at  a  pound  and  a  tenth.  In  other 
words,  this  mechanism  will  develop  into  power  25  per  cent,  of  the 
calorific  value  of  coal,  as  compared  with  the  12^  average  practice. 
That  means  a  good  deal. 

Mr.  Loomis  having  been  attracted  by  one  of  my  earliest  reports, 
without  coming  to  see  me,  for  nearly  a  year  made  a  thorough 
investigation  on  his  own  behalf  to  see  whether  this  meant  any- 
thing or  not;  and  he  authorized  me  to  say  that  he  had  come  to 
the  conclusion,  and  was  prepared  to  act  upon  it,  that  as  a  source 
of  gas  for  power  coal  was  not  in  it  as  compared  to  this  fuel,  where 
coal  costs  $2  a  ton  or  more;  and  in  that  estimate  he  used  con- 
servative figures  which  would  be  reduced  by  our  laboratory 
figures  to  a  comparison  with  coal  at  $1.50  a  ton. 

Now,  this  is  so  incredible  that  I  am  trying  to  force  myself 
not  to  believe  it,  for  fear  that  when  it  is  developed,  or  the  effort 
is  made  to  develop  it  commercially,  some  out  will  be  found,  and 
that  it  may  fail,  as  so  many  other  laboratory  experiments  have 
failed,  when  put  into  commercial  practice.  That  is  where  we  are. 
What  we  know  is  derived  from  our  laboratory  practice.  My 
scientific  friends  are  less  incredulous  about  it  than  myself;  but 
what  a  ludicrous  joke  it  would  be  for  a  ''duffer  "  like  me  to  have 


424  BOG    FUEL. 

led  the  way  over  these  oceans  of  fuel  that  all  you  scientific  gentle- 
men have  been  passing  by  for  so  many  years.     (Laughter.) 

This,  gentlemen,  is  all  that  I  have  to  say,  but  I  will  be  glad  to 
answer  any  questions  that  I  am  capable  of  answering;  and  I 
repeat  that  I  could  not  bring,  for  I  did  not  know  how  many  of 
you  would  be  here  and  I  came  hastily,  big  bundles  of  these  papers ; 
but  all  we  know  is  in  the  two  reports  already  made,  or  will  be 
in  what  will  be  the  final  report  of  the  laboratory  development, 
and  any  of  you  or  all  of  you  who  may  send  me  a  card,  or  better 
yet,  come  and  see  me  and  look  over  my  one  hundred  specimens, 
more  or  less,  of  every  type  of  fuel,  and  then  let  me  take  you 
through  what  I  think  is  about  the  best  organized  lay-out  of  an 
office  in  the  drafting  room,  the  credit  of  which  is  mainly  due  to 
John  R.  Freeman,  and  incidentally  to  myself,  I  shall  be  happy 
to  show  3'ou  through  the  whole  thing.     (Applause.) 

DISCUSSION. 

The  President.  Gentlemen,  it  is  unnecessary  for  me  to  sa}'' 
that  we  have  all  been  interested  in  what  Mr.  Atkinson  has  said, 
and  I  have  no  doubt  he  will  gladly  answer  any  questions  you 
may  see  fit  to  ask. 

Mr.  T.  H.  McKenzie.  Isn't  the  odor  from  the  peat  fuel  dis- 
agreeable, particularly  if  the  fuel  is  used  for  domestic  purposes? 
I  Have  been  but  twice  to  a  place  where  it  was  in  use,  and 
then  the  odor  pervaded  the  entire  house  and  it  was  quite  dis- 
agreeable. 

Mr.  Atkinson.  If  you  get  too  much  of  it,  it  may  become 
disagreeable,  but  just  the  little  whiffs  you  get  out  of  a  fireplace 
with  a  good  draft  give  the  most  delicious  woodsy  odor,  so  that 
when  Professor  Norton  has  been  at  work  in  the  basement  and 
a  little  of  the  odor  pervaded  the  building,  everybody  wanted 
a  sniff  of  it.  There  is  one  caution  I  have  given  him,  — that  was, 
not  to  put  a  little  still  alongside  of  a  bog  fuel  fire,  for  fear  he  will 
get  a  new  flavor  in  the  whiskey.     (Laughter.) 

Mr.  McKenzie.  Several  gentlemen  sitting  near  me  have 
asked  as  to  the  numl)er  of  jn'ocesses  through  which  this  material 
passes. 
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Mr.  Atkinson.  Simply  what  you  may  call  the  grinding 
process,  and  then  it  comes  out  in  a  continuous  briquette,  and 
we  cut  it  off  by  hand;  but  it  will  be  a  very  simple  matter  to  have 
a  little  cutting  machine. 

Mr.  McKenzie.     Is  it  under  a  high  pressure? 

Mr.  Atkinson.  No.  If  you  compress  it  too  hard  it  comes 
out  cracked.  The  machine  consists  of  a  series  of  plowshares, 
knives  and  hooks,  which  break  up  the  whole  mass,  and  then 
there  is  an  Archimedean  screw  which  pushes  it  forward  into  a 
slightl}^  elastic  tube  of  the  section  of  the  briquette,  and  that 
comes  out  on  little  rollers,  rolls  out  on  a  cloth,  and  the  boys  remove 
the  briquettes.  That  is  the  only  process  except  to  remove  them 
to  the  point  where  they  are  dried.  There  is  no  other  compression 
than  that  of  the  Archimedean  screw  forcing  the  stuff  out. 

Mr.  McKenzie.     Approximately  how  long  does  it  take  to  dry? 

Mr.  Atkinson.  Well,  as  I  said,  when  dried  in  the  sun  two 
weeks,  it  was  ready  to  burn,  but  it  was  too  friable.  When  dried 
in  the  shade  four  weeks,  it  was  good  fuel,  probably  containing 
about  25  per  cent,  hygroscopic  water. 

Mr.  T.  W.  Mann.  Is  it  a  process  of  shrinking,  after  it  comes 
out  in  that  form,  which  brings  it  to  this  hardness? 

Mr.  Atkinson.  Yes,  sir.  You  cannot  use  the  word  "  com- 
pression," but  it  consolidates  of  its  own  motion. 

Mr.  Mann.     As  a  bar  of  soap  might  dry  out? 

Mr.  Atkinson.  Just  like  a  bar  of  soap  drying,  that  is  all. 
There  have  been  no  end  of  experiments,  and  there  are  a  lot  of 
bogus  companies  selling  stock  now.  They  attempt  to  dry  off 
the  material  first,  and  then  break  it  up  and  compress  it,  but 
that  is  very  costly.  There  are  a  variety  of  inventions  for  appli- 
cations of  artificial  heat  to  attempt  to  dry  it  faster,  but  I  think 
they  will  all  fail.  There  are  a  lot  of  little  things  yet  to  be  developed, 
but  prett}^  much  all  the  efforts  failed  until  this  secret  of  the 
breaking  of  the  vesicles  was  discovered  in  Germany,  and  they 
have  given  a  specific  name  to  the  hydrocarbon.  I  think  they 
call  this  adhesive  hydrocarbon,  which  is  released  by  the  mechan- 
ical action,  —  pentogane.  A  New  York  engineer,  Mr.  Witherspoon, 
spent  two  years  in  the  study  of  this  subject,  went  over  all  Europe, 
and  is  now  established  in  New  York  as  the  engineer  of  a  regular 
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commercial   undertaking  on  a  small   scale  —  nothing  but  cash, 
no  stock  for  sale  —  at  New  Rochelle,  N.  Y. 

The  mud  of  the  Dismal  Swamp  is  of  an  entirely  different  char- 
acter from  the  samples  which  I  have  shown,  but  it  makes  good 
gas  fuel.  The  mud  which  we  worked  from  there  had  been  evi- 
dently overflowed,  there  was  more  silt  in  it,  and  we  found  cock- 
roaches and  beetles,  and  the  mechanic  who  worked  it  said  he 
thought,  as  it  was  very  antiseptic  and  smelt  so  strong,  that  he 
might  haveTworked  up  some  fugitive  colored  gentlemen  who  had 
got  lost  in  the  Dismal  Swamp.  (Laughter.)  We  have  also 
worked  the  mud  from  the  Hummocks  and  the  Everglades  of 
Florida,  and|the  mud  of  Iowa,  which  is  outside  of  the  glacial 
drift.     These  other^deposits  are  in  the  hollows  of  the  glacial  drift. 
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[September  IS,  1904.] 

Mr.  Robert  J.  Thomas,  in  the  absence  of  Mr.  F.  H.  Crandall, 
chairman  of  the  committee,  submitted  the  following  informal 
report  for  the  committee  on  Private  Fire  Services: 

The  committee  have  no  written  report  to  make,  Mr.  President, 
but  they  are  at  work  on  the  matter  referred  to  them.  At  the 
present  time  in  Lowell  we  are  making  tests  of  different  meters  and 
devices  for  the  purpose  of  measuring  water  for  fire  services.  While 
there  have  been  many  tests  of  appliances  for  measuring  water, 
this  is  probably  the  only  test  of  any  importance  which  has  ever 
been  made  of  devices  for  measuring  water  exclusively  for  fire 
purposes. 

I  assume  that  most  of  the  members  are  familiar  with  the  Tilden 
hydraulic  device*  which  is  designed  to  measure  accurately  small 
flows.  It  consists  of  a  vertical  valve  on  the  main  line,  and  a  by- 
pass. The  vertical  valve  acts  automatically,  and  can  be  arranged 
so  that  at  any  given  quantity  of  water  it  will  open  and  allow  the 
water  to  flow  through  the  main  pipe.  Up  to  the  time  when  the 
valve  opens,  the  water  flows  through  the  by-pass  and  can  be 
measured  through  any  desired  meter,  the  small  flows  being 
measured  accurately.  The  apparatus  tested  at  Lowell  shows'  per- 
fect registration  on  flows  as  small  as  a  sixteenth  of  an  inch.  In 
fact  all  small  flows  such  as  would  be  likely  to  occur  from  a  leaky 
joint  or  fixture,  or  from  a  pipe  under-ground  imperfectly  calked,  can 
be  measured  by  this  device.  The  one  we  are  testing  at  Lowell  is 
set  so  as  to  open  the  gate  at  a  flow  of  250  gallons  a  minute;  that 
is,  a  common  fire  stream  under  our  pressure  causes  the  automatic 
valve  on  the  main  line  to  open.  Delivering  at  the  rate  of  2  500 
gallons  a  minute  through  a  four-inch  "  Freeman  "  nozzle,  the 
Tilden  de\'ice  showed  a  loss  of  pressure  of  about  five  pounds.     So 

♦Described  in  the  Journal,  vol.  18,  p.  198  (June,  1904). 
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that  from  the  two  standpoints  it  seems  that  this  device  meets  all 
requirements  —  that  is,  the  loss  of  head  is  a  minimum,  and  the 
accuracy  of  measurement  on  small  flows  is  retained.  Of  course, 
above  250  gallons  per  minute,  or  whatever  it  is  set  to  open  at, 
you  do  not  get  any  measurement,  so  when  water  is  taken  for  any 
other  purpose  in  large  quantities,  as  well  as  for  fire  purposes,  you 
do  not  get  the  measurement. 

Now,  what  the  committee  would  like  to  see  is  a  device  which 
would  measure  the  small  flows  accurately  and  also  measure 
the  large  flows,  and  at  the  same  time  cause  a  minimum  loss  of 
head.  We  do  not  favor  anything  on  the  main  pipe  which  is  going 
to  reduce  the  flow  of  water  and  reduce  the  head  so  that  the  sprink- 
lers in  high  buildings  will  not  get  sufficient  pressure  to  operate 
them;  but  we  do  want  a  device  which  will  measure  the  water  on 
large  flows  as  well  as  on  small  flows.  It  is  understood  by  members 
of  the  Association  that  it  is  not  the  desire  of  water  works  people 
to  charge  for  water  for  the  extinguishment  of  fires,  —  rather 
it  is  the  policy  of  all  water  works  people,  private  companies  as 
well  as  municipalities,  to  encourage  the  insurance  companies 
in  their  fight  to  prevent  losses  from  fire,  and  to  furnish  all  the 
water  necessary  for  the  extinguishment  of  fires  at  the  highest 
possible  pressure.  But  we  believe  that  concerns  obtaining  extra 
fire  service  ought  to  pay  for  it.  We  believe  in  giving  them  all 
the  protection  that  we  give  other  citizens,  all  the  benefit  of  the 
general  fire  service,  and  doing  everything  we  can  in  a  general 
way,  but  if  they  want  any  special  and  extra  fire  service  we  are 
of  the  opinion  that  the  city  or  water  company  should  be  recom- 
pensed for  it,  certainly  to  the  extent  of  payment  for  the  cost  of 
such  service,  for  the  maintenance  of  the  pipes,  etc. 

The  Lowell  Water  Board  is  perfectly  willing  to  make  a  test 
of  all  meters  and  devices  sent  by  any  meter  company  or  by  any 
manufacturer  who  has  an  idea  that  he  has  a  machine  which  wiU 
do  the  work  satisfactorily.  We  have  a  place  well  equipped  for 
making  tests.  Those  who  have  seen  meter  tests  on  a  large  scale 
in  other  places  say  that  we  have  the  best  opportunity  for  doing 
the  work  that  they  ever  saw.  The  plant  is  located  in  the  pumping 
station,  and  the*  water  used  for  testing  is  discharged  into  the 
pump  well  so  that  it  is  not  wasted;  we  have  a  U-gage,  a  mercury 
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column,  and  every  facility  for  testing  large  meters  on  large  or 
small  flows  for  loss  of  head  and  for  accuracy  of  registration. 

DISCUSSION. 

Mr.  Edward  Atkinson.*  The  underwriters  have  had  great 
difficulty  in  preventing  obstructions  of  fire  services,  and  I  hope 
any  device  which  may  be  tested  at  Lowell  will  be  submitted  to 
j\Ir.  Freeman  and  to  our  Board.  We  are  now  in  a  fight  which 
has  extended  to  some  of  our  risks  in  the  West.  I  have  just  proved 
to  the  water  commissioners  of  one  of  the  principal  western  cities 
that  any  meters  which  obstruct  or  interfere  with  the  fire  service 
had  better  be  thrown  away  and  the  city  stand  the  loss,  rather  than 
to  interfere  with  the  fire  protection  of  factories  on  which  the 
whole  community  depends.  To  obstruct  the  fire  service  for  the 
purpose  of  measuring  a  little  water  that  may  be  stolen  or  leak 
is  an  act  of  economic  suicide  on  the  part  of  a  factory  city  that 
allows  it  to  be  done. 

Mr.  Thomas.  I  will  state,  Mr.  President,  that  it  is  the  intention 
of  the  Lowell  Water  Board  to  have,  later  on,  a  special  test,  and 
invite  the  representatives  of  the  underwriters,  the  meter  com- 
panies and  of  the  water  works  people.  In  what  we  are  doing  now 
we  are  somewhat  in  touch  with  Mr.  French  of  the  Factory  Mutuals, 
and  it  is  the  desire  of  the  committee  of  the  New  England  Water 
Works  Association  not  to  favor  any  device  on  fire  pipes  that  will 
obstruct  the  flow  of  water  to  any  material  extent.  We  are  just 
as  much  interested  in  the  success  of  our  factories,  and  in  encourag- 
ing them,  as  anybody  could  be,  and  the  Water  Works  Association 
would  be  the  last  body  of  men  in  the  world,  I  think,  to  do  anything 
to  interfere  with  the  prosperity  of  our  manufacturing  industries. 
But  we  have  not  only  to  deal  with  the  manufacturers  in  our  cities, 
but  we  have  to  deal  also  with  people  who  are  not  in  the  manufac- 
turing business.  There  are  other  establishments  which  are  not 
manufacturing  anything  —  power  stations,  and  estabhshments  of 
that  kind  —  which  might  use  large  quantities  of  water  without 
paying  for  it.  This  is  not  aimed  at  the  manufacturers  at  all. 
But  if  manufacturers  get  extra  protection  by  laying  pipes  through 

*  President,  Boston  Manufacturers  Mutual  Fire  Insurance  Co. 
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their  yards  and  have  special  facilities  for  extinguishing  fires,  it 
is  certainly  no  more  than  equitable  and  just  that  they  should  pay 
for  those  privileges,  just  the  same  as  anybody  else  would  and  just 
the  same  as  they  have  to  pay  for  other  supplies  ^  I  do  not  think 
the  cry  of  committing  economic  suicide  and  injuring  the  industries 
is  fair  or  right. 

Mr.  Atkinson.  The  sealing  of  hydrants  so  that  water  cannot 
be  taken  without  its  being  known  has  proved  very  satisfactory 
in  New  Bedford. 

Mr.  T.  H.  McKenzie.  I  cannot  see  how  it  is  possible  to  arrive 
at  any  just  method  of  charging  for  water  for  fire  services  by 
metering  it.  There  may  be  a  great  many  places  which,  for  in- 
stance, are  built  and  arranged  according  to  Mr.  Atkinson's  ideas, 
where  they  do  not  have  a  fire  for  ten  years,  and  in  such  cases 
there  would  be  no  income  to  the  water  department  whatever, 
I  think  the  only  just  method  of  getting  at  a  rental  is  by  the  sprink- 
ler-head and  by  the  hydrant  or  stand-pipe,  or  some  such  method 
as  that,  so  that  there  would  be  a  uniform  price  charged  from  year 
to  year.  Of  course  a  meter  might  detect  a  little  stealing  of  water, 
but  really  what  we  want  to  get  at  is  what  would  be  an  equitable 
rate  for  a  charge  for  fire  purposes. 

President  Brooks.  I  think,  gentlemen,  that  the  more  you 
study  into  the  question  of  private  fire  supplies  and  the  varying 
conditions  under  which  they  are  used  in  different  sections  of  the 
country,  the  more  you  will  come  to  the  conclusion  that  you  have 
one  of  the  biggest  problems  on  your  hands  that  you  can  conceive 
of.  I  think  the  matter  will  be  settled  satisfactorily  only  when 
th,e  insurance  people  and  the  water  works  people  come  together 
and  realize  that  they  are  each  acting  for  the  interest  of  both. 

Mr.  Thomas.  Just  one  word  more.  Mr.  F.  C.  Kimball,  who 
is  a  member  of  our  Association,  made  the  statement  before  the 
American  Water  Works  Association,  from  figures  which  he  had 
obtained,  that  the  loss  in  water  wasted  through  fire  service  pipes 
footed  up  in  dollars  and  cents  during  the  year  to  a  greater  amount 
than  the  fire  losses  of  the  country  for  a  year. 
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THE  EPIDEMIC  OF  TYPHOID  FEVER  AT  ITHACA,  N.  Y. 

BY  GEORGE  A.   SOPER,    PH.D.,   CONSULTING   ENGINEER  AND 
SANITARY  EXPERT,   NEW  YORK   CITY. 

[Presented  September  15,  1904.] 

Mr.  President,  Ladies  and  Gentlemen  of  the  New  England  Water 
Works  Association,  — The  epidemic  of  typhoid  fever  which  broke 
out  at  Ithaca  in  the  winter  of  1903  deserves  to  be  regarded  as 
one  of  the  greatest  outbreaks  of  this  preventable  disease  which 
ever  occurred  in  New  York  State.  In  the  typhoid  history  of 
the  whole  country  there  have  been  few  epidemics  which  have 
exhibited  a  larger  number  of  cases. 

Sanitary  experts  who  visited  Ithaca  at  the  time  of  the  epi- 
demic were  unanimous  in  their  opinion  as  to  its  cause.  Many 
who  are  familiar  with  the  epidemiology  of  typhoid  have  said 
that  seldom,  if  ever,  has  the  danger  of  an  epidemic  been  so 
unmistakably  in  evidence  beforehand.  Speaking  now,  more  than 
a  year  after  the  outbreak,  and  with  an  intimate  knowledge  of 
the  situation,  it  is  difficult  to  understand  why  the  city  was  not 
alive  to  the  necessity  of  taking  steps  which  would  have  rendered 
life  and  health  secure.  Apparently  the  people  of  this  university 
town  neither  knew  nor  cared  any  more  about  the  teachings  of 
sanitary  science  than  do  the  inhabitants  of  the  scores  of  other 
cities  in  which  epidemics  occur.  They  were  blinded  to  the  dan- 
gers of  the  situation  by  the  seeming  healthfulness  of  the  city's 
site,  and  so  failed  to  establish  those  sanitary  safeguards  which 
are  indispensable  to  every  growing  community. 

STATISTICS    OF    THE    EPIDEMIC. 

The  consequence  of  this  mistake  was  terrible.  With  a  popu- 
lation given  by  the  last  United  States  census  as  13  156,  it  is 
estimated  that  1  350  cases  of  typhoid  occurred,  with  82  deaths, 
in  little  more  than  three  m.onths.  No  less  than  522  homes  were 
visited  by  the  disease;  in  over  150  of  these  there  were  two  or 
more  persons  attacked. 
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The  onset  of  the  epidemic  was  gradual.  A  few  cases  first 
occurred  in  all  parts  of  the  city.  Later  it  was  observed  that 
there  were  more  cases  in  the  section  occupied  by  the  students 
of  Cornell  University  than  in  any  other.  There  were,  at  this 
time,  connected  with  Cornell  about  3  000  teachers  and  students. 

One  in  every  ten  was  taken  with  the  fever,  and  one  in  every 
hundred  died  of  it.  It  is  probable  that  more  typhoid  occurred 
in  the  section  occupied  by  the  students  than  in  other  sections 
of  the  city  because  of  the  peculiar  susceptibility  of  young  people 
to  typhoid  and  also  on  account  of  the  fact  that  some  of  the 
students  lived  amid  surroundings  which  were  insanitary. 

The  epidemic  is  officially  regarded  to  have  begun  on  the  11th  of 
January,  1903,  and  to  have  extended  to  the  1st  of  April  of  the 
same  year.  But  in  reality  there  were  some  cases  before  the  date 
given,  and  there  were  many  after  it.  Plate  I  is  a  map  of  the 
city  showing  the  location  of  the  typhoid  cases  during  the  first 
week  of  the  epidemic. 

What  might  be  termed  a  long,  low  wave  of  typhoid  appears 
to  have  set  in  about  September,  1902,  and  continued  until  about 
January,  1904.  In  this  whole  period  it  appears  that  typhoid 
fever  was  somewhat  unduly  prevalent.  It  is  impossible  to  state 
the  facts.  Under  the  most  favorable  circumstances  nothing  is 
more  difficult  than  to  obtain  an  accurate  knowledge  of  the 
extent  to  which  typhoid  occurs  in  a  community.  Records  of 
cases  of  typhoid  fever  were  never  accurately  collected  at  Ithaca, 
and  were  gathered  with  difficulty  during  the  epidemic.  The 
official  figures  collected  for  the  State  Department  of  Health  were 
rnade  up  with  great  care,  but  they  are  known  to  be  defective. 
The  total  number  of  cases  given  above,  which  is  the  official  figure 
of  the  State  Department,  was  estimated  from  a  large  amount 
of  data  collected  in  various  ways,  and  does  not  represent  the 
number  of  cases  actually  reported  by  the  physicians.  The  number 
so  reported  was  much  smaller. 


^AAyc:> 


OF  The 

City    of   ITHACA  N.Y. 


432 


III 


occ 
the 
of    :^ 
tiirp; 

( 
hii] 
in  // 
of/ 
to" 
stv 


II. 


J  a. 
saig- 

weV 

to:; 
Ja.-., 
fe^ 

thj; 

mn 

ex^;. 

arjfc 
ofj^ 

T]-    - 
of" 

scT 


soPER.  433 


Table    No.  1, 


Showing  the  number  of  cases  of  typhoid  fever  reported  by  the  physi- 
cians of  Ithaca,  N.  Y.,  from  January  10  to  April  1,  1903.  (The  actual 
number  of  cases  was  much  greater  and  they  were  somewhat  more  regularly 
distributed.) 
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Total  cases  reported,  Jan.  10  —  March  31,  inclusive,  703. 

The  total  number  of  typhoid  fever  cases  which  were  directly 
or  indirectly  attributable  to  the  outbreak  at  Ithaca  will  never  be 
known,  and  cannot  safely  be  estimated.  If  to  the  number  which 
occurred  in  the  epidemic,  there  were  added  those  which  occurred 
before  and  after  it,  and  the  cases  which  broke  out  in  other  places 
to  which  infection  was  carried  by  those  who  fled  from  the  city,  the 
total  would  be  considerably  increased. 

ORIGINAL    SOURCE    OF   THE    EPIDEMIC. 

In  seeking  to  determine  the  cause  of  the  epidemic,  inquiry  was 
directed  to  every  conceivable  quarter.  As  the  infection  was 
general,  a  common  cause  was  naturally  suspected.  The  city  was 
not  in  an  entirely  sanitary  condition,  and  it  was  appreciated  that 
while  certain  features  existed  which  were  favorable  to  health, 
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there  were  others  which  favored  the  spread  of  the  fever.  Among 
the  features  favorable  to  health  may  be  mentioned  an  excellent  cli- 
mate, and  an  abundance  of  high  ground.  The  unfavorable  features 
included  an  incomplete  sewerage  system;  a  high  ground  water 
level  in  a  large  part  of  the  city;  an  inadequate  and  polluted 
water  supply ;  the  presence  of  innumerable  shallow  wells ;  and 
an  unusual  prevalence  of  private  cesspools  and  privies. 

There  is  no  room  to  doubt  at  the  present  time  that  the  water 
supply  was  the  original  source  of  the  disease,  and  that  the  fever 
spread  through  the  city  the  more  readily  and  became  more 
securely  estabhshed  because  of  the  insanitary  conditions  referred 
to,  and  carelessness  and  ignorance  in  nursing  the  sick. 

The  water  supply,  or  supplies,  of  Ithaca  were  derived  from 
three  separate  sources.  Two  of  these  sources  were  in  the  control 
of  the  Ithaca  Water  Company,  while  the  third  source  was  in  the 
control  of  Cornell  University.  It  has  been  claimed  by  the 
university  authorities  that  no  fever  occurred  among  the  people 
who  used  exclusively  the  university's  water  supply.  This  is 
true.  The  university's  water  was  polluted,  but  was  not 
infected,  so  far  as  I  could  find  out.  It  was  supplied  exclusively 
to  the  campus.  It  seems  certain  that  the  infectious  matter  came 
to  the  city  through  one  or  both  of  the  supplies  of  the  water 
company. 

The  two  water  supplies  of  the  water  company  are  derived 
from  creeks.  The  larger  source,  Six-Mile  Creek,  drains  an  area 
of  country  of  about  forty-six  square  miles.  The  run-off  after 
storms  is  rapid,  and  the  stream  is  subject  to  sudden  and  very 
decided  fluctuations  in  volume.  The  dry  weather  flow  is  about 
one  million  gallons  per  twenty-four  hours;  the  largest  quantity 
of  water  that  has  been  observed  to  flow  in  the  creek  was  about 
three  thousand  times  this  volume.  In  short,  Six-Mile  Creek  is  a 
torrential  stream,  deeply  eroded  through  soil  and  rock  and  carry- 
ing an  immense  amount  of  suspended  matter,  such  as  silt  and 
sand,  after  rains  and  thaws. 

On  the  drainage  area  of  Six-Mile  Creek  there  was  a  population 
estimated  by  the  census  of  1900  as  2  144,  of  whom  812  lived  in 
villages  bordering  the  creek.  The  nearest  village,  called  Brook- 
ton,  is  five  miles  above  the  intake  of    the  water  works.     No  care 
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Fi(i.  1.  — General  View  cl  llhaca,  shuvviug  Coniell  I'niver.sity  on 
the  hill,  student  quarter  on  the  right,  and  valley  of  Six-Mile  Creek 
on  extreme  right. 
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Fig.  2.  —  Map  showing  drainage  areas 
of  creeks  near  Ithaca. 
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whatever  had  been  exercised  for  years  to  prevent  drainage  from 
entering  the  stream,  although  at  one  time,  under  different  manage- 
ment, the  protection  of  the  drainage  area  is  said  to  have  been 
very  carefully  looked  after.  At  the  time  of  the  epidemic  numerous 
sources  of  pollution  were  evident.  Representatives  of  the  water 
company  who  were  sent  out  at  my  request  to  inspect  the  drainage 
area  brought  in  records  of  over  one  hundred  nuisances.  Within 
the  very  city  of  Ithaca,  and  but  a  few  rods  above  the  intake  of 
the  water  works,  there  were  located  on  the  precipitous  banks  of 
Six-Mile  Creek  or  its  tributaries  no  less  than  seventeen  privies. 

There  was  no  system  of  purifying  the  water,  unless  a  primitive 
filter  crib  could  be  so  called.  The  crib  was  located  on  a  bank  of 
the  stream  and  was  principally  useful  in  excluding  pebbles  and 
leaves  from  the  pumps.  A  small  impounding  reservoir  had  been 
formed  by  throwing  a  dam  across  the  stream  a  short  distance 
below  the  intake  crib.  Besides  the  intake  crib,  there  were 
two  other  intakes;  one  above  the  impounding  reservoir,  and  one 
below  it.  These  were  but  little  used,  and  all  took  the  same 
water. 

The  water  was  pumped  from  the  creek  into  a  standpipe  of 
small  capacity,  and  flowed  thence  through  the  mains  to  the  con- 
sumers. 

A  second  source  of  supply  of  the  water  company  was  Butter- 
milk Creek,  draining  about  twelve  square  miles  of  country.  Here 
were  duplicated,  but  on  a  smaller  scale,  the  sanitary  conditions 
of  Six-Mile  Creek.  Most  of  the  water  which  supplied  the  city 
came  from  Six-Mile  Creek,  but  a  general  and  uncertain  mixture 
of  the  two  took  place  in  the  pipes. 

From  what  has  just  been  said  it  will  be  apparent  that  the 
conditions  were  ideal  for  an  epidemic.  During  periods  of  dry 
weather  quantities  of  refuse  of  all  descriptions  accumulated  on 
the  banks  of  the  creeks  and  their  tributaries,  to  be  scoured  down 
into  the  water  supply  by  the  next  rain  or  thaw. 

In  a  very  careful  survey  of  the  drainage  areas  which  I  made 
during  the  course  of  the  epidemic,  I  was  able  to  locate  six  cases 
of  typhoid  fever  which  had  occurred  in  the  twelve  months  pre- 
ceding the  outbreak  at  Ithaca.  It  is  possible  that  other  sources 
of  infectious  matter  existed.     For  example,  there  was  one  hotel 
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on  the  upper  waters  of  8ix-Mile  Creek  which  was  frequented  by 
people  in  search  of  health,  and  it  is  not  impossible  that  some 
persons  recovering  from  typhoid  spent  the  summer  or  autumn 
there.  Such  people  are  as  dangerous  as  those  actually  confined 
to  their  beds  with  typhoid,  for  in  about  twenty  per  cent,  of  all 
cases  the  germs  of  typhoid  become  established  in  the  bladder 
and  are  given  off  in  great  numbers  with  the  urine  for  weeks  and 
sometimes  months  after  apparent  recovery. 

If  there  was  dangerous  filth  on  the  banks  of  the  streams 
supplying  Ithaca  with  drinking  water,  the  weather  conditions 
just  previous  to  the  outbreak  of  the  epidemic  were  such  as  to 
wash  this  material  into  the  creeks.  The  report  for  December, 
1902,  of  the  New  York  Section  of  the  Climate  and  Crop  Service 
of  the  United  States  Weather  Bureau,  says  that  December  was 
noted  for  exceptionally  heavy  precipitation,  the  fall  of  snow 
and  rain  at  Ithaca  being  more  than  twice  as  much  as  for  any 
other  December  since  the  establishment  of  the  station  in  1879. 
General  rains  and  thawing  conditions  prevailed  from  the  nineteenth 
to  the  twenty-second,  with  very  heavy  falls  on  the  thirteenth, 
sixteenth,  and  twenty-first. 

If  we  assume  that  infectious  material  was  scoured  from  the 
banks  of  the  streams  during  these  rains  and  thaws  we  must 
account  for  the  fact  that  three  or  four  weeks  seem  to  have  elapsed 
from  the  time  when  it  was  taken  into  the  water  works  system  to 
the  beginning  of  the  epidemic  in  the  city.  Theoretically,  it  would 
take  only  two  or  three  days  for  the  water  to  get  from  the  creek 
to  the  consumer  by  way  of  the  force  mains,  standpipe  and  dis- 
tribution system,  and  we  should  expect  the  first  cases  of  fever 
to  develop  within  two  weeks  from  this  time.  The  actual  time 
which  elapsed  was  nineteen  days;  the  outbreak  was  not  in  full 
force  for  several  days  after.  The  apparent  delay  in  the  appear- 
ance of  the  epidemic  is  probably  due  to  the  fact  that  the  dates 
of  the  commencement  of  the  attacks  are  in  reality  the  dates 
when  the  physicians  were  first  called;  several  days  may  have 
elapsed  between  the  appearance  of  the  first  symptoms  and  the 
dialling  of  medicfil  aid. 
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Fig.  1.  —  Some  sources  of  pollution  of  Six-Mile  Creek  at  Brookton. 


Fig.  2.  —  Some  sources  of  pollution  of  Six-Mile  Creek  at  Brookton. 
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OTHER  THEORIES  OF  THE  CAUSE. 


Before  leaving  our  discussion  of  the  cause  of  the  epidemic  it 
may  be  well  to  take  account  of  a  belief  which  was  held  by  many 
that  the  outbreak  was  not  due  to  pollution  of  the  streams  by 
permanent  residents  on  the  drainage  areas  but  was  caused  by 
the  offscourings  of  a  gang  of  Italian  laborers  who  were  at 
work  on  the  construction  of  a  dam  on  Six-Mile  Creek,  a  short 
distance  above  the  water  company's  intake. 

Careful  investigation  of  the  grounds  of  this  theory  was  made 
without  discovering,  however,  that  excrement  from  this  source 
had  entered  the  stream,  or  that  any  of  the  laborers  had  been  ill. 
It  is,  of  course,  conceivable  that  one  or  more  of  the  laborers  had 
recently  recovered  from  typhoid  and  that  their  infected  urine 
entered  the  creek,  but  the  chance  of  such  contamination  seems 
remote. 

The  work  was  in  charge  of  professional  engineers  of  high 
standing,  and  precautions  were  apparently  taken  to  prevent 
any  polluting  matter  from  entering  the  stream.  A  young  man 
who  had  recently  graduated  in  engineering  at  Cornell  was  espe- 
cially detailed  to  look  after  this  matter.  There  is  little  doubt 
that  bad  feeling  between  the  citizens  and  the  water  company, 
caused  by  a  dispute  over  the  construction  of  a  new  dam,  accounted 
in  some  measure  for  the  mental  attitude  of  some  citizens  on  this 
point . 

Another  possible  source  of  typhoid  material  existed  on  one  of 
the  tributaries  of  Six-Mile  Creek  within  three  miles  of  the  water 
works  intake.  At  this  point  a  gang  of  laborers  of  mixed  nation- 
ality but  common  bad  character  had  been  engaged  in  building 
an  elaborate  railroad  culvert,  through  the  late  summer  and  early 
fall  months.  One  "  Toothless  Ben,''  a  member  of  this  party, 
was  taken  with  typhoid  fever  while  on  the  work  and  was  even- 
tually compelled  to  leave  it  and  go  home  to  be  nursed.  I  found 
ample  evidence  that  these  men  had  defecated  on  the  banks  of  the 
stream,  but  whether  infectious  matter  from  ''Toothless  Ben"  had 
been  deposited  here  and  had  later  been  washed  down  into  the 
water  supply  of  Ithaca  it  was  not  possible  to  determine. 

Finally,  an  irregularity  in  the  operation  of  the  pumps  of  the 
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water  company  remains  to  be  mentioned  as  having  a  possible 
bearing  on  the  cause  of  the  epidemic.  Owing  to  the  expected 
need  of  an  unusually  large  supply  of  water  for  some  tests  of  fire 
apparatus,  an  extra,  and  generally  idle,  pump  was  set  in  opera- 
tion for  several  days  preceding  December  25.  The  intake  of 
this  pump  was  in  a  penstock  directly  connected  with  Six-Mile 
Creek.  The  water  was  neither  purified  nor  screened,  but  was 
forced  directly  to  the  standpipe  which  was,  at  the  same  time, 
being  supplied  by  the  regular  pumps. 

Whatever  theory  is  accepted  to  account  for  the  infection  of 
the  water,  it  seems  necessary  to  conclude  either  that  the  germs 
multiplied  after  entering  the  distribution  system,  or  that  they 
were  taken  in  during  a  period  of  several  weeks.  It  is  scarcely 
conceivable  that  a  sufficient  number  could  have  been  taken  from 
the  creeks  at  one  time  to  last  as  long  as  the  water  remained 
infected.  It  is  equally  improbable  that  the  germs  multiplied  in 
the  pipes.  It  seems  necessary  to  conclude  that  the  impounding 
reservoir  remained  infected  for  several  weeks.  The  whole  water 
works  system  should  have  emptied  itself  in  less  time  than  one 
week. 

The  onset  of  the  epidemic  was  very  gradual.  The  first  case 
required  the  services  of  a  physician  on  January  11.  Two  new 
cases  were  seen  on  the  next  day.  On  the  day  following  there  was 
but  .one  case.  On  January  14  there  were  four;  on  the  15th,  five; 
on  the  16th,  three.  Presently,  the  daily  number  of  new  cases 
largely  increased.  On  the  22d  there  were  twelve;  on  the  28th, 
sixteen;  on  January  31,  twenty-two;  on  February  2,  thirty-six. 
Thereafter  the  number  decreased  and  increased  alternately  with 
a  general  declining  tendency. 

PREVIOUS    HISTORY    OF    TYPHOID    AT    ITHACA. 

In  considering  an  outbreak  of  typhoid  it  is  instructive  to 
inquire  whether  the  disease  is  new  to  the  place  or  has  existed 
previously.  The  value  of  such  evidence  depends  upon  its  accu- 
racy. Unfortunately  the  records  of  cases  and  deaths  from  the 
infectious  diseases*  are  not  kept  with  sufficient  accuracy  even  in 
our  best  regulated  cities  to  enable  a  correct  idea  to  be  formed 
of  the  amount  of  typhoid  which  has  been  present. 


Plate  III. 


Fig.  1.  —  Privy  and  Ditch  at  Brookton  on  Six-Mile  Creek 
?aid  to  liave  leceived  typhoid  dejections. 


Fig.  2.  —  Six-Mile  Creek  between 
Shiterville  and  Brookton. 
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Previous  to  the  epidemic,  no  records  whatever  had  been  made 
of  the  cases  of  typhoid  fever  which  had  occurred  in  the  city  at 
large.  The  best  information  that  can  be  gained  on  this  point  is 
contained  in  the  records  of  the  principal  hospital.  These  records 
show  the  comparative  amount  of  typhoid  which  occurred  from 
year  to  year. 

Were  the  death  records  accurate,  some  idea  could  be  gained 
from  them  of  this  relation.  The  following  letter,  however,  from 
one  professor  of  Cornell  to  another  shows  the  incompleteness 
of  even  this  generally  accepted  source  of  information: 

Ithaca,  N.  Y.,  March  12,  1903. 
Dear  Dr.  T ,  The  death  rate  of  Ithaca  is  something  ahiiost  impossi- 
ble to  ascertain,  owing  to  omissions  in  the  record.  Se^•eral  years  ago  I 
had  three  students  working  on  the  subject  for  months  and  we  reached  the 
conchision  that  the  omissions  from  the  record  were  29.4  per  cent,  in  one  year, 
and  33  per  cent,  in  another.  On  the  basis  of  the  corrected  figures  they 
established  for  1892  and  1893,  the  true  death  rate  was  16.5  instead  of  13.4, 
which  was  claimed.  Recent  official  figures  are  doubtless  more  accurate, 
owing  to  the  changes  made  in  the  registration  law  about  1895. 

That  the  records,  however,  are  still  incomplete  is  showni  by  the  Twelfth 
Census.  The  registration  record  of  the  city  for  the  census  year  from  June  1, 
1899,  to  May  31,  1900,  shows  196  deaths;  the  census  enumerator's  returns, 
obtained  by  asking  at  each  house  in  town  whether  any  death  had  occurred 
in  that  family  during  the  preceding  twelve  months,  showed  100  deaths. 
Successive  comparisons  of  these  two  lists,  name  by  name,  showed  in  the 
latter  17  names  not  in  the  former,  giving  a  total  of  213  deaths  in  the  city 
for  that  year,  as  accepted  bv  the  Census  Office,  or  a  death  rate  for  1900 
of  16.3. 

Yours  sincerely. 


A  report  from  Dr.  F.  C.  Curtis  to  Dr.  Daniel  Lewis,  State 
Commissioner  of  Health,  gives  the  opinion  of  the  medical  ex- 
pert of  the  State  Department  of  Health  on  the  previous  historj^ 
of  typhoid  at  Ithaca.  The  report  is  dated  Albany,  February  7, 
1903: 

Sir, —  The  records  show  that  for  the  past  two  or  three  years  Ithaca  has  had 
^n  autumnal  prevalence  of  typhoid  fever.  In  1900  and  1901,  the  mortality- 
rate  from  this  cause  was  about  40  per  100  000  population;  and  in  1902, 
however,  there  was  but  a  single  death. 

The  following  table  has  been  made  out  from  data  taken  from 
the  books  of  the  Ithaca  City  Hospital: 
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Table  No.  2. 

Cases  of  typhoid  fever  and  similar  diseases  treated  at  the  Ithaca  City  Hospital 
from  1892  to  1902  inclusive. 

1892  1893  1894  1895  1896  1897  1898  1899  1900  1901  1902    Totals 
Jan.  0010  0000  101  3 


Feb. 

0 

0 

1 

0 

1 

0 

0 

0 

2 

2 

3 

9 

March 

0 

0 

0 

1 

1 

0 

0 

3 

0 

1 

2 

8 

April 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

4 

5 

May 

1 

0 

0 

1 

0 

0 

0 

0 

1 

0 

4 

7 

June 

0 

2 

1 

0 

0 

1 

0 

0 

0 

0 

0 

4 

July 

5 

0 

0 

0 

0 

2 

1 

0 

0 

0 

0 

8 

Aug. 

3 

0 

0 

2 

6 

2 

3 

0 

0 

7 

2 

25 

Sept. 

10 

3 

3 

2 

4 

9 

1 

0 

7 

10 

3 

52 

Ocl 

3 

3 

4 

1 

2 

1 

1 

1 

4 

10 

2 

32 

Nov. 

0 

2 

3 

0 

1 

0 

1 

1 

9 

3 

0 

20 

Dec. 

2 

1 

0 

0 

0 

0 

0 

0 

3 

2 

2 

10 

Totals 

24 

11 

13 

7 

15 

15 

7 

5 

27 

36 

23 
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PUBLIC   ALARM    FOLLOWING    THE    OUTBREAK. 

The  outbreak  of  the  epidemic  caused  a  great  deal  of  concern 
among  the  people  who  lived  at  Ithaca  or  who  had  sons  at  the 
university.  It  soon  became  known  that  the  City  Hospital  was 
full  to  overflowing  and  that  the  Cornell  Infirmary,  where  sick 
students  were  always  treated,  was  becoming  overcrowded.  The 
hospital  called  for  public  aid  to  help  meet  the  extraordinary 
expenses  incurred  in  caring  for  so  many  of  the  sick,  and  sub- 
scriptions were  opened  to  give  similar  help  to  the  infirmary, 
where  the  students  were  being  treated. 

The  local  board  of  health,  with  the  aid  of  its  health  officer. 
Prof.  E.  Hitchcock,  Jr.,  and  Profs.  E.  M.  Chamot  and  V.  A.  Moore 
of  Cornell,  made  some  investigations  as  to  the  cause  of  the 
epidemic  which  disclosed  the  unsanitary  conditions  on  the  drain- 
age areas  from  which  the  water  was  obtained,  and  pointed  to  the 
public  water  supply  of  the  Ithaca  Water  Company  as  the  probable 
source  of  the  infection.  The  board  promptly  ordered  that  the 
city  water  be  boiled  before  being  used  for  drinking  purposes. 

It  is  important  to  state  that  Professors  Moore  and  Chamot, 
in  reports  previously  made  to  the  local  board  of  health,  had 
warned  that  body  that  the  water  supply  was  polluted;  and  that 
the  results  of  their  analyses  had  been  suppressed  and  kept  from 


Pl.ATE  IV. 


Fig.  1.  — Outlet  ut  drain  from  Aeetylein-   PkiuL  at 
Slaterville  Springs  on  Six- Mile  Creeli. 


Fig.  2.  —  Six-Mile  Creek  at  Slaterville. 
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the  public  press  by  the  board  for  fear  of  alarming  the  people. 
These  and  other  disclosures  of  real  or  imaginary  delinquencies 
on  the  part  of  the  local  board  of  health,  water  company,  and 
trustees  of  Cornell  University  gave  the  friends  and  foes  of  the 
university  and  city  abundant  food  for  criticism.  The  result  was 
that  more  time  was  spent  in  trying  to  fix  the  blame  for  the  epi- 
demic than  in  bringing  it  to  an  end. 

By  this  time  the  city  was  in  a  condition  bordering  on  panic. 
New  cases  of  fever  were  appearing  at  the  rate  of  twenty  or  more 
a  day  and  the  epidemic  was  gaining  headway  rapidly.  Hundreds 
of  students  were  leaving  the  university,  notwithstanding  stren- 
uous efforts  to  keep  them  in  the  city.  The  railroads  brought  no 
one  to  Ithaca  but  carried  heavy  loads  away.  Business  was  at  a 
standstill.  The  pubhc  press  throughout  the  country,  making 
capital  of  the  epidemic,  gave  the  widest  possible  advertisement 
of  the  unfortunate  situation. 

When  the  number  of  cases  had  reached  several  hundred  the 
State  Department  of  Health  sent  a  representative  to  Ithaca  in 
the  person  of  its  expert  on  infectious  diseases,  Dr.  F.  C.  Curtis. 
Dr.  Curtis  spent  a  day  at  Ithaca  investigating  the  conditions,  and 
a  few  days  later  forwarded  a  report  stating  that  undoubtedly  the 
disease  was  typhoid  fever  and  that  the  water  supply  of  the  water 
company  was  to  blame  for  the  epidemic;  the  source  of  the 
infection  was  probably  a  gang  of  Italian  laborers.  He  advised 
the  people  to  boil  the  water,  and  prophesied  that  in  a  short  time 
the  epidemic  would  wear  itself  out. 

But  matters  grew  steadily  worse  and  the  Commissioner  of 
Health  of  the  State,  Dr.  Daniel  Lewis,  went  to  Ithaca  to  inves- 
tigate personally.  Consultations  were  held,  public  addresses  were 
made  and  various  measures  of  relief  were  recommended.  Fore- 
most among  the  instructions  given  by  Dr.  Lewis  to  the  local 
board  of  health  was  to  insist  on  thorough  disinfection.  This 
should  include  not  only  the  disinfection  of  the  stools,  but  also  of 
the  urine  of  the  typhoid  fever  patients.  It  was  desirable  that 
household  disinfection  should  be  practiced  also;  and  to  insure 
that  this  should  be  properly  done  the  commissioner  recom- 
mended that   competent   medical  inspectors   be   employed.     Fi- 
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nally,  but  of  the  utmost  importance,  the  local  board  of  health 
was  urged  to  compel  physicians  to  report  their  cases  of  typhoid 
fever  under  the  penalty  of  being  fined  from  twenty-five  to  fifty 
dollars  for  each  offence. 

But  the  people  of  Ithaca  were  beyond  advice.  Internal  dissen- 
sions, and  the  utter  demoralization  of  the  commercial  and  edu- 
cational interests  of  the  city,  not  to  speak  of  the  spirit  of  appre- 
hension which  pervaded  every  household,  made  it  impossible  for 
them  to  unite  on  any  form  of  local  leadership  to  initiate  the 
measures  which  were  necessary  to  restore  public  confidence  and 
put  an  end  to  the  epidemic. 

It  was  under  these  circumstances  that  I  was  requested  by  the 
State  Department  of  Health  to  go  to  Ithaca  and  see  if  I  could 
bring  about  relief.  I  arrived  at  Ithaca  on  March  4.  Thanks 
to  the  energetic  cooperation  which  I  at  once  received  from  the 
officials  and  employees  of  the  city  government,  the  authorities 
and  professors  of  Cornell  University,  the  president  and  others 
of  the  Ithaca  Water  Company,  and  the  citizens  themselves,  the 
difficulties  of  the  situation  cleared  rapidly.  PubHc  health  work 
of  a  kind  seldom  seen  outside  of  military  situations  soon  regained 
for  the  board  its  lost  prestige.  Public  confidence  was  gradually 
restored.  The  authorities  of  Cornell,  from  being  on  the  point  of 
closing  the  university,  decided  to  keep  it  open  and  to  hold  a 
summer  session.  The  frightened  students  returned  ;  business 
"was  re-established.  By  the  1st  of  April  I  notified  the  local  board 
of  health  that  I  saw  no  further  need  of  my  services,  and 
that  I  should  return  to  New  York,  leaving  the  sanitary  work 
in' their  hands.  I  was  requested  to  remain  and  supervise  the 
work  of  the  board  until  September  1,  1903,  taking  up,  at  the 
same  time,  the  study  of  means  for  improving  the  drainage  of 
the  city.  Satisfactory  arrangements  were  made  for  this  work  and 
I  remained. 

Throughout  my  residence  at  Ithaca  my  official  position  was 
that  of  representative  at  Ithaca  of  the  New  York  State  Depart- 
ment of  Health.  In  this  capacity  I  acted  as  expert  advisor  to 
the  local  board  of  health.  The  steps  taken  to  extinguish  the 
fever  were  carried  out  by  the  local  board,  acting,  as  a  rule,  upon 
suggestions  from  me. 


Plate  V. 


Fig.  1.  — "Dirty  Baker. 


Fig.  2.  —  Home  of  "  Dirty  Baker,"  Buttermilk  Creek  drainage  area. 
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THE    SANITARY    CAMPAIGN. 


At  the  outset  it  was  recognized  that  there  must  be  money 
available  for  the  sanitary  work.  The  nature  and  extent  of  the 
preventive  and  corrective  measures  which  were  thought  neces- 
sary were  explained  to  the  board  of  aldermen,  who  thereupon 
pledged  to  the  board  of  health  the  credit  of  the  city. 

The  first  thing  to  be  done  was  to  determine  the  origin  and 
extent  of  the  epidemic.  An  investigation  was  begun  to  discover 
as  nearly  as  practicable  where  each  c:se  of  fever  originated, 
and  when  and  where  it  occurred.  Statistical  records  were  made 
embodying  this  and  various  other  pieces  of  information  con- 
nected with  the  identification  and  location  of  the  fever  victims. 
The  work  was  carried  on  with  extreme  care,  several  men  being 
engaged  upon  the  records  for  many  weeks. 

In  order  to  bring  about  harmony  of  action,  numerous  con- 
ferences with  representatives  of  the  principal  interests  at  Ithaca 
were  held.  Some  of  these  were  of  a  public,  and  others  of  a 
private,  nature.  At  a  meeting  of  the  board  of  health,  at  which 
representatives  of  the  city  government,  of  the  water  company, 
and  of  the  university  were  present,  all  pledged  themselves  to 
harmonious  action.  At  a  meeting  of  the  physicians  of  the  city, 
various  technical  matters  and  many  opinions  concerning  the 
epidemic  were  discussed.  Public  conferences  in  the  form  of 
lectures  were  held,  at  which  the  principles  of  disinfection  and 
household  sanitation  were  dealt  with.  In  articles  offered  to  the 
press,  instructions  were  given  in  the  use  of  various  protective 
measures  against  the  fever,  and  the  sanitary  ordinances  of  the 
city  which  had  a  bearing  on  the  situation  were  dwelt  upon. 

It  was  found  early  that  the  disinfectants  employed  by  the 
nurses  were  not  of  reliable  quality,  and,  as  good  disinfectants 
were  difficult  to  obtain,  the  city  was  advised  to  prepare  and  supply 
these  necessities.  The  disinfectants  chosen  for  distribution  by 
the  city  were  milk  of  lime  and  bichloride  of  mercury.  These 
were  supplied  wherever  a  case  of  fever  existed,  four  wagons 
being  employed  to  make  the  rounds.  The  total  quantity  of  milk 
of  lime  distributed  was  23  231  gallons.  The  quantity  of  bichlo- 
ride of  mercury  was  1  930  gallons. 
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An  investigation  was  set  on  foot  to  determine  the  cause  of 
the  epidemic,  and  various  important  matters  connected  with 
this  topic  were  soon  discovered.  There  was  no  doubt  that 
the  drinking  water  supplied  by  the  water  company  was  the  original 
cause  of  the  epidemic,  but  it  was  evident  that  the  disease  was 
being  transmitted  from  person  to  person  through  carelessness 
and  ignorance  in  nursing  the  sick.  The  sanitary  condition  of 
the  city,  which  had  been  somewhat  improved  within  eight  or  ten 
years,  was  in  need  of  improvement. 

There  were  two  obvious  sources  of  danger  in  this  direction. 
The  city  contained  about  1  300  wells  and  nearly  an  equal  number 
of  privies.  The  latter  were  constructed  without  reference  to 
seepage,  unless  a  desire  to  have  the  liquid  wastes  escape  into 
the  ground  might  be  so  interpreted.  It  was  thought  advisable 
to  clean  and  disinfect  the  privies  and  to  analyze  the  waters  of 
the  wells.  This  work  was  undertaken  in  April  and  concluded 
in  August. 

The  total  volume  of  excrement  removed  was  418  193  gallons. 
The  material  excavated  from  the  privies  was  taken  into  the 
country  and  plowed  into  the  soil.  Twelve  acres  of  poor  ground 
were  used  for  the  purpose.  Later,  a  remarkably  successful  crop 
of  corn  was  grown  upon  this  ground.  It  is  a  satisfaction  to  be 
able  to  say  that  in  this  extensive  and  dangerous  piece  of  scaveng- 
ing work  there  was  no  sickness  nor  accident  among  the  fifteen 
employees  and  eight  horses  continuously  engaged. 

As  a  result  of  the  analyses  of  well  waters,  over  30  per  cent, 
of  the  wells  were  condemned.  The  total  number  of  waters 
analyzed  was  946.  It  is  interesting  to  note  that  whole  por- 
tions of  the  city  could  be  blocked  out  by  the  records  of  the 
well  examinations.  In  some  sections,  the  water  of  nearly  every 
well  was  polluted,  while  in  other  sections  the  wells  could  all  be 
depended  upon  as  good.  The  good  wells  were  in  clay;  the  poor 
ones  in  fissured  rock. 

In  order  to  determine  the  character  of  many  suspected  cases 
of  fever,  a  large  number  of  Widal  examinations  of  blood  were 
made.     These  proved  of  great  value. 

To  make  certain  that  the  milk  supplies  did  not  become  infected, 
careful   inspections  were  made  of  all  the  dairies  furnishing  the 
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Fig.  1.  —  On  tlie  flats  of  Ithaca  ;  flood  due  to  high  water  in  Caj-uga  Lake. 


Fig.  2.  —  On  the  low  lands  of  Ithaca. 
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citizens  with  milk.  Other  food  supplies  were  examined  into, 
and  the  quality  and  care  of  these  important  necessities  were 
much  improved. 

The  work  on  the  statistics  of  the  epidemic  soon  showed  that 
a  disproportionately  large  number  of  the  students  of  Cornell 
University  had  been  attacked  by  fever,  and,  in  consequence  of 
this  fact,  inspections  of  boarding  and  rooming  houses  occupied 
by  the  students  were  systematically  made.  Every  point  of  sani- 
tary importance  connected  with  the  living  quarters  of  the  students 
was  carefully  examined  and  recorded,  as  a  result  of  which  each 
house  was  given  a  sanitary  rating.  A  list  was  pubUshed  con- 
taining the  address  of  every  boarding  house  which  passed  the 
examination. 

One  of  the  most  important  measures  adopted,  and,  it  is  thought, 
an  innovation  in  the  management  of  typhoid  epidemics,  was 
the  use  of  urinary  germicides  to  eliminate  bacterial  infection 
from  the  bladders  of  convalescents.  As  is  well  known,  the 
bladder,  in  a  large  number  of  cases  of  typhoid  fever,  becomes 
infected  and  enormous  numbers  of  the  disease  germs  are  given 
off  in  the  urine.  Analyses  of  urine  were  made  to  determine  the 
existence  of  the  bacillus  typhosus.  In  the  event  of  the  discovery 
of  this  germ  the  patient  was  held  under  observation  and  given 
urotropin  until  the  bacillus  disappeared. 

It  was  not  long  after  the  introduction  of  systematic  measures 
for  the  suppression  of  the  epidemic  that  public  confidence  began 
to  be  restored.  The  number  of  new  cases  of  fever  reported  from 
day  to  day  rapidly  diminished,  and  although  an  occasional  case 
appeared  for  several  months,  the  epidemic  ceased  by  April  1. 


THE    LESSON    OF   THE    BARNES    WELL. 

It  is  proper  to  refer,  before  closing  this  account  of  the  Ithaca 
epidemic,  to  an  outbreak  of  fever  which  took  place  in  one  sec- 
tion of  the  city  after  most  of  the  other  cases  had  disappeared. 
This  outbreak  was  the  result  of  the  contamination  of  a  well 
on  the  property  of  a  man  named  Barnes.  The  Barnes  well 
had  been  famous;  people  who  had  learned  to  fear  the  city 
water  went  to  the  Barnes  well  with  a  feeling  of  perfect  safety. 


446    .        TYPHOID  FEVER  AT  ITHACA,  N.  Y. 

No  one  had  ever  been  made  sick  from  drinking  this  water.  So 
great  was  the  demand  upon  the  well  that  the  water  was  actually 
piped  to  another  house. 

It  was  the  original  intention  of  the  local  board  of  health  to 
examine  every  well  in  the  city,  and  had  this  plan  been  carried 
out,  the  Barnes  well  would  have  been  found  to  be  polluted 
in  time  to  prevent  the  outbreak  which  followed.  Unfortunately, 
in  a  moment  of  economy,  the  well  examinations  were  stopped 
and  the  Barnes  well  was  one  of  a  very  few  not  tested. 

In  about  two  weeks  after  the  board  of  health  stopped  analyzing 
the  well  waters,  many  of  the  people  who  had  been  drinking  from 
the  Barnes  well  were  taken  ill.  In  all  there  were  fifty  cases  of 
typhoid  and  five  deaths  traced  to  this  well. 

When  suspicion  was  directed  to  the  well,  I  visited  it  and  had 
the  drain  pipe  from  the  water  closet  in  the  Barnes  house  exca- 
vated. The  drain  ran  within  three  or  four  feet  of  the  Well. 
When  the  laborers  dug  the  earth  from  beneath  the  drain,  they 
found  that  the  joints  had  been  scamped;  that  is,  insecurely  and 
improperly  closed.  When  the  water  closet  in  the  Barnes  house 
was  flushed,  the  water  would  run  through  the  drain  to  a  point 
about  ten  feet  from  the  well,  whence  it  would  flow  out  into  the 
porous  soil  through  the  leaky  joint  and  so  into  the  well.  On 
analysis,  the  water  of  the  well  was  found  to  be  grossly  polluted. 

We  needed,  however,  to  find  out  how  the  drainage  which 
entered  the  well  had  actually  infected  it.  It  was  then  discovered 
that  Mrs.  Barnes  had  suffered,  some  weeks  before,  with  a  mild 
attack  of  typhoid  fever,  which  had  been  pronounced  by  her  phy- 
sician to  be  grippe.  We  proved  the  real  character  of  her  disease 
by  taking  a  specimen  of  her  blood  and  examining  it  in  the  labo- 
ratory. The  dejecta  from  this  patient  passed  down  through  the 
water  closet  without  disinfection;  it  escaped  from  the  drain  pipe 
into  the  well  and,  as  we  have  said,  occasioned  fifty  cases  and 
five  deaths. 

INDEPENDENT   SANITARY   MEASURES. 

I  have  not  mentioned  all  of  the  sanitary  measures  which  were 
taken  to  suppress  the  epidemic  of  typhoid  and  guard  against 
future  difficulty,  but  have  indicated  some  of  the  most  important, 
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Fiu.   1.  —  (.'onditions  vvliich  addcil   to  the  dilliculty  of  saiiilalioii  <iii  tht 
low  lands  of  Ithaca. 


Fig.  2.  —  Celery  and  other  vegetables  growing  in  a  back  yard  at  Ithaca. 
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with  the  idea  of  furnishing  examples  of  the  work  done  by  the 
local  board  of  health,  under  my  advice.  Important  things  were 
done  by  the  city,  the  water  company,  and  the  university,  sometimes 
without  formal  cooperation  with  the  health  authorities.  The 
water  company  constructed  a  municipal  filter  plant  at  a  cost  of 
something  like  seventy  thousand  dollars.  The  plant  was  designed 
by  Mr.  Allen  Hazen  and  built  under  the  supervision  of  Prof. 
Gardner  S.  Williams.  This  filter  is  now  in  operation,  purifying 
the  water  of  Six-Mile  Creek,  on  the  rapid  or  mechanical  filter 
principle. 

The  water  mains  of  the  distribution  system  were  flushed, 
the  city  being  divided  into  sections  for  this  purpose,  and  the 
whole  work  was  carried  on  under  the  direction  of  Professor 
Williams. 

Rules  were  made  and  established  legally  for  conserving  the 
purity  of  the  water  of  Six-Mile  Creek  and  Buttermilk  Creek. 
These  rules  included  precautions  to  be  taken  in  the  construc- 
tion and  maintenance  of  privies,  the  disposal  of  sewage,  stable 
wastes,  etc.,  and  forbade  washing  and  bathing  in  the  streams. 

The  citizens  undertook  to  find  a  new  source  of  water  supply 
which  could  not  be  contaminated,  and  sunk  many  wells  in  this 
undertaking.  It  is  reported  that  their  efforts  have  at  last  proved 
successful  and  that  there  is  now  an  abundance  of  water  avail- 
able from  the  wells. 

New  methods  of  cleaning  the  streets  and  disposing  of  garbage 
and  other  refuse  were  inaugurated.  A  cremation  plant  for  the 
consumption  of  refuse  was  erected  to  meet  the  emergency  of 
the  epidemic.  Although  this  plant  was  for  temporary  use  only^ 
it  is  said  to  be  in  operation  still. 

A  thorough  municipal  house-cleaning  was  instituted  early 
in  the  spring.  House-holders  were  induced  to  open  up  their 
hermetically  closed  dwellings  to  the  free  air  and  clean  them  out 
from  attic  to  cellar.  Back  yards,  forgotten  alleys,  and  other 
unsightly  places  were  cleaned  up.  The  amount  of  rubbish 
brought  to  light  w^as  astonishing. 

The  sanitary  code  of  the  city  was  enforced  in  a  manner  pre- 
viously unknown.  Emphasis  was  placed  upon  the  necessity  of 
boiling  the  city  water  before  using  it,  but,  strange  as  it  may  seem^ 
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this  precautionary  measure  was  continually  evaded.  To  further 
prevent  the  people  from  drinking  this  dangerous  supply,  water 
from  a  pure,  free-flowing  well  was  peddled  from  house  to  house 
at  the  nominal  price  of  one  cent  per  gallon. 

COST    OF    THE    %VORK. 

The  total  cost  of  the  sanitary  campaign  was  somewhat  over 
$108  000.  This  takes  into  account  the  cost  of  the  filtration  plant 
built  by  the  water  company.  The  board  of  health  itself  spent 
$10  000.  The  privy  cleaning  cost  $5  000  more;  the  inspection 
and  plumbing  improvements  of  students'  boarding  houses  are 
estimated  to  have  cost  about  $10  000  additional;  the  construc- 
tion of  the  garbage  destructor  and  improved  collecting  service 
cost  $3  000.  Filters,  which  I  have  not  before  mentioned,  con- 
structed for  the  purification  of  the  water  supply  of  Cornell 
University,  cost  about  $10  000. 

PRESENT    OUTLOOK    WITH    RESPECT    TO    TYPHOID. 

The  history  of  typhoid  at  Ithaca  from  the  end  of  the  epidemic 
to  the  present  time  may  be  of  interest.  I  have  just  been  in- 
formed by  the  health  officer  that  in  the  year  ending  September  1 , 
1904,  there  were  in  the  whole  city  thirty-six  cases  of  typhoid 
fever.  Of  these,  twenty-eight  occurred  before  the  first  of  Jan- 
uary and  the  remainder  since.  Those  which  took  place  from 
September  to  January  are  regarded  by  the  board  of  health  of 
Ithaca  as  due  to  the  drinking  of  water  from  mains  which  had 
not  been  thoroughly  cleaned. 

It  is  doubtful  if  typhoid  fever  will  ever  gain  a  foothold  in  the 
city  again.  The  work  of  extinguishing  it  was  thorough  and 
apparently  complete.  The  record  for  the  year  following  the 
epidemic  is  probably  cleaner  than  any  record  would  have  been 
for  many  years,  had  the  returns  of  cases  been  as  accurately  made. 
The  site  of  the  city  is  one  of  great  beauty  and  natural  attrac- 
tiveness. It  can,  and  probably  will,  be  made  one  of  the  healthi- 
est and  best  regulated  cities  in  the  world.  If  this  is  done,  its 
destiny  is  clear.  So  long  as  the  great  university  remains,  Ithaca 
will  be  a  city  of  homes,  and  the  people  will  be  intelligent  and 
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Fig.  1.  —  Sewer  manhole  overflowing,  during  exceptionally  high  stage 
of  Cayuga  Lake. 


Fig.  2.  —  Method    of   disposing  of   excrement   re- 
moved from  privies  after  the  epidemic. 
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•cultivated.  They  should  now  be  far-seeing  in  sanitary  matters. 
Seldom  has  so  terrible  a  lesson  of  the  consequences  of  sanitary 
neglect  been  given.  That  the  world  believes  that  this  lesson 
has  been  well  learned  is  evident  by  the  fact  that  the  prosperity 
of  the  city  suffered  no  permanent  impairment.  The  freshman 
class  which  entered  Cornell  in  the  autumn  following  the  epidemic 
was  the  largest  in  the  history  of  the  university. 

DISCUSSION. 

Mr.  Frank  L.  Fuller.*  We  have  all  been  very  deeply  inter- 
ested in  what  Mr.  Soper  has  said,  and  I  think  we  are  greatly 
indebted  to  him.  Those  of  us  who  have  to  do  with  water  supplies 
ought  to  receive  a  new  impulse  to  see  to  it  that  our  supplies  are 
carefully  guarded  from  sources  of  pollution.  It  seems  to  me 
that  this  is  the  most  vivid  illustration  of  carelessness  and  poor 
management  that  we  could  have  had  brought  before  us. 

There  is  one  question  I  should  like  to  ask  Mr.  Soper.  He  spoke 
about  the  cleaning  of  the  water  pipes  during  the  latter  part  of 
the  time  of  the  epidemic,  and  I  should  like  to  ask  what  method 
was  pursued  in  doing  it. 

Dr.  Soper.  The  question  was  thoroughly  considered,  and 
it  was  proposed  by  Prof.  L.  M.  Dennis  of  the  Department  of 
Chemistry  of  Cornell  that  the  pipes  should  be  disinfected.  He 
wanted  to  send  to  Europe,  I  think,  for  a  large  quantity  of  per- 
manganate of  potash,  and  run  it  into  the  distribution  system  in 
some  way  and  so  destroy  all  the  infectious  germs.  Professor 
Dennis  thought  this  would  not  do  any  injury  to  the  pipes  or  to 
the  connections.  It  was  finally  decided,  however,  that  it  might 
not  prove  as  effective  as  hoped,  and  that  it  might  have  this 
effect:  If  the  pipes  were  not  thoroughly  disinfected  a  calamity 
might  result,  as  the  people  would  in  all  probability  give  up 
"boiling  the  water  if  they  thought  the  germs  in  the  pipes  had 
all  been  destroyed.  Other  methods  of  disinfecting  the  pipes 
were  considered,  and  after  a  conference  with  representatives  of 
the  water  company,  and  particularly  with  Prof.  Gardner  S. 
Williams,  who  was  the  engineer  of  the  water  company,  it  was 
thought  best  to  flush  out  the  mains  as  thoroughly  as  feasible,  as 

*  Civil  Engineer.  Boston,  Mass. 
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soon  as  the  improved  water  supply  was  available, — that  is,  as 
soon  as  the  filters  were  put  in  operation;  and  that  was  done  by 
dividing  the  city  into  sections,  and  concentrating  the  pressure 
first  in  one  quarter  and  then  in  another.  I  should  not  like  to 
say  that  I  considered  that  sufficient.  I  do  not  believe  that  Pro- 
fessor Williams  did,  and  I  do  not  believe  any  one  would,  but  it 
seemed  to  be  the  best  thing  that  was  available  at  that  time. 

A  Member.  What  was  the  condition  of  the  inside  of  the  pipes? 
Were  they  smooth,  showing  the  treatment  which  the  pipes  were 
originally  subjected  to,  or  were  they  covered  with  tubercles  and 
was  sediment  deposited,  or  were  they  clean  and  bright? 

Dr.  Soper.  I  think  there  were  many  portions  of  them  which 
were  tuberculated,  and  there  was  considerable  sediment,  I  think, 
in  some  of  them. 

Mr.  Kenneth  Allen.*  I  think  perhaps  this  is  the  most 
thorough  investigation  which  has  ever  been  made  of  a  public 
water  supply,  and  I  think  one  of  the  interesting  features  of  the 
investigation  is  the  number  of  different  points  of  attack  that. 
were  developed,  the  many  different  sources  of  infection  that  were 
brought  out.  I  would  like  to  ask  Dr.  Soper  if  it  was  supposed 
that  there  was  much  infection  through  dust  containing  typhoid 
germs  being  blown  about? 

Dr.  Soper.  It  did  not  seem  to  be  so.  You  see  it  was  so  early 
in  the  season  that  there  was  little  dust  excepting  in  houses,  but 
it  was  thought  that  dust  might  have  played  quite  an  important 
part  in  the  houses. 

Mr.  Allen.  You  spoke  of  the  danger  of  infection  from  pig- 
pens and  manure  heaps.  The  original  source,  of  course,  would 
have  to  come  from  a  typhoid  fever  patient,  would  it  not? 

Dr.  Soper.  The  danger  I  referred  to  was  this:  In  the  epi- 
demics I  have  investigated,  I  have  invariably  found  that  the  male 
population  of  the  farm  uses  the  manure  pile  as  a  receptacle  for 
their  excrement.  The  women  use  the  privy,  and  the  men  go  out 
to  the  barn.  Now,  if  a  man  has  typhoid  germs  in  his  intes- 
tines and  in  his  bladder  and  is  throwmg  them  off,  he  will  throw 
them  off  into  the  manure  pile. 

Mr.  Allen.     That  is  a  very  interesting  point.     Is  it  known 

♦Engineer  and  Superintendent,  Water  Department,  Atlantic  City,  N.  J. 
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or  is  there  a  preponderance  of  opinion  one  way  or  the  other,  as  to 
the  identity  of  the  form  of  the  typhoid  bacillus? 

Dr.  Soper.  That  is,  perhaps,  one  of  the  most  vexed  problems 
now  before  bacteriologists.  One  of  the  latest  ideas  I  am  almost 
afraid  to  speak  about  because  it  seems  to  tend  to  upset  past  theories 
which  have  been  very  carefully  built  up.  But  there  is  a  young 
man  who  has  made  some  observations  in  Strasburg  who  claims 
that  the  ordinary  colon  bacillus  may,  under  some  circumstances, 
be  transmuted  or  transformed  into  the  typhoid  germ.  But  I 
think  it  is  the  prevailing  opinion  among  conservative  bacteriolo- 
gists that  we  should  regard  that  theory  with  doubt  until  the 
matter  is  more  carefully  investigated. 

Mr.  Allen.  I  happened  to  be  at  Ithaca  when  Dr.  Soper 
was  making  these  investigations,  and  I  can  testify  to  the  feeling 
of  panic  there  was  among  the  people  there,  especially  the  students. 

Mr.  E.  H.  Foster.  I  should  like  to  ask  Professor  Soper  how 
near  to  the  intake  of  the  water  company  the  first  positively  known 
source  of  pollution  was,  and  how  near  it  the  culvert  was  where 
"  Toothless  Ben  "  was  working. 

Dr.  Soper.  I  can  answer  the  second  question  more  briefly 
than  the  first.  The  culvert  where  "  Toothless  Ben  "  worked  was 
within  three  miles  of  the  intake,  measured  by  the  stream.  The 
nearest  source  of  pollution  was,  I  should  say,  an  eighth  of  a  mile, 
and  that  was  one  which  a  superficial  investigation  might  have 
hit  upon  as  the  cause  of  the  epidemic.  It  was  the  residence  of 
a  woman  of  notorious  character.  Just  prior  to  the  epidemic  she 
had  been  suffering  from  a  disease  which  she  herself  pronounced 
unmistakably  typhoid  fever.  Her  physician  did  not  call  it  that. 
He  said  she  suffered  from  grippe.  With  a  good  deal  of  difficulty 
I  got  some  specimens  of  her  blood,  and  they  did  not  give  the  posi- 
tive result  of  typhoid.  That,  however,  did  not  prove  that  the 
woman  had  not  had  it.  There  is  no  doubt  that  the  waste  from 
the  house  was  thrown  down  the  precipitous  bank  of  the  stream 
within  an  eighth  of  a  mile  of  the  intake  of  the  water  supply.  It 
may  be  that  this  was  the  cause  of  the  epidemic.  I  must  say, 
however,  that  I  have  not  in  my  own  mind  fixed  upon  the  pollution 
of  the  water  supply  at  any  one  specific  point  as  the  sole  and  suffi- 
cient cause  of  the  Ithaca  epidemic.     Among  such  a  large  number 
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of  sources  of  pollution  as  were  obvious,  it  was  difficult  to  dis- 
criminate.    Any  one  of  over  a  dozen  might  have  been  the  cause. 

Mr.  L.  M.  Hastings.*  I  suppose  that  what  we  have  heard 
here  to-day  brings  to  the  mind  of  every  superintendent  the  possi- 
bility of  the  pollution  of  his  own  supply.  When  we  have  heard 
how  great  a  result  may  come  from  a  slight  cause,  it  certainly  is 
a  matter  for  the  gravest  consideration  and  something  to  incite 
us  to  the  closest  examination  of  our  water  supplies.  I  remember 
a  few  years  ago  Professor  Sedgwick  spoke  of  the  epidemic  at 
Lowell,  and  he  traced  that,  I  think,  to  one  solitary  case  of  typhoid 
on  a  stream  some  miles  from  the  city.  Now,  if  that  is  the  case, 
what  protection  have  we  against  an  epidemic  from  a  cause  which 
it  is  impossible  to  detect?  If  a  single  case  of  typhoid  on  a  remote 
branch  of  the  system  may  affect  the  whole  system,  it  does  seem 
as  though  our  health  and  lives  were  in  a  pretty  precarious  situa- 
tion. 

There  are  some  precautions  which  I  suppose  we  can  take  to 
reduce  the  likelihood  of  infection.  I  suppose  the  first  thing 
would  be  to  make  a  sanitary  survey  of  the  whole  watershed  and 
locate  the  most  dangerous  points.  That  is  most  commonly  done 
nowadays  by  a  house-to-house  visitation  and  abolishing  as  far  as 
possible  the  points  of  contagion.  In  some  cases  where  privies 
have  existed  before  the  taking  of  the  water  supply,  it  would  seem 
as  though  the  only  thing  to  be  done  was  to  introduce  some  im- 
provement, and  I  know  that  on  the  Cambridge  supply  where 
such  danger  has  existed,  the  water  board  at  its  expense  has 
abolished  privies  and  open  cesspools  and  substituted  water-tight 
brick  vaults.  Those  brick  vaults  are  cleaned  out  by  the  water 
board.  This  is  a  precautionary  measure  against  just  such  cases 
as  Dr.  Soper  has  referred  to  this  morning.  I  don't  know  whether 
any  method  of  disinfection  by  copperas  or  other  chemicals 
would  be  sufficient,  but  it  does  seem  to  me  that  where  such  sources 
of  pollution  exist  on  the  water  supply  or  its  branches,  something 
of  this  sort  would  be  efficient. 

There  is  one  matter  the  doctor  spoke  of  which  interested  me. 
He  said  that  young  men  are  more  subject  to  typhoid  infection 
than  old  men  are.     I  suppose  in  a  generic  way  that  that  is  true, 

*  City  Engineer,  Cambridge,  Mass. 
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that  all  young  men  are  more  subject  to  fevers  and  older  men  are 
more  subject  to  inflammations.  I  should  like  to  ask  the  doctor 
if  he  knows  of  any  reason  why  young  men  should  take  the  typhoid 
fever  more  easily  than  old  men. 

Dr.  Soper.  No,  I  do  not  know  of  any  reason.  Of  course,  it 
is  not  young  men  only,  but  young  women  also.  If  you  examine 
any  exhaustive  work  on  hygiene  you  will  find  tables  showing  the 
relative  prevalence  of  typhoid  among  people  of  all  ages.  It  seems 
that  there  is  an  age  relation  with  many  of  the  infectious  diseases. 
Measles  and  other  diseases  that  we  commonly  speak  of  as  diseases 
of  childhood  attack  young  people  more  than  old  people,  not  be- 
cause old  people  have  had  the  diseases  once  and  so  are  immune  to 
them,  but  apparently  for  some  other  reason,  children  are  more 
susceptible. 

Mr.  Edward  Atkinson.  I  remember  there  was  a  serious 
epidemic  at  Windsor,  Vt.,  a  few  years  since.  Desmond  Fitz- 
Gerald  was  sent  for  in  haste,  and  he  went  up  there  and  found  a 
single  case  of  typhoid  in  a  farmer's  house  which  drained  into  the 
water  supply,  and  from  that  single  case  the  water  supply  of  Wind- 
sor, which  is  one  of  the  most  healthy  places  in  the  country,  had 
been  infected  and  an  epidemic  had  resulted. 

Prof.  E.  G.  Smith.*  I  want  to  express  my  appreciation  of 
what  Dr.  Soper  has  said  this  morning  and  of  the  very  thorough 
way  in  which  he  has  gone  into  the  unearthing  of  the  mysteries 
of  the  epidemic  at  Ithaca.  Those  of  us  who  have  had  to  do  with 
this  sort  of  a  problem  elsewhere  realize  very  keenly  the  labor 
involved  and  the  thoroughness  with  which  the  work  has  been 
done.  I  was  much  interested  in  the  discussion  of  the  cases,  and 
I  raised  in  my  own  mind  the  question  of  how  many  of  them  were 
due  really  to  the  water,  and  how  many,  or  what  proportion,  of 
those  1  350  cases  were  due  to  what  we  call  "  contact  infection  " 
or  "comrade  infection."  I  don't  know  as  the  doctor  has  any 
data  bearing  upon  that  point,  but  it  is  certainly  an  interesting 
one.  The  fact  remains,  however,  that  the  primary  infection  of 
that  community  was  due  to  the  impurity  of  the  water  and  to 
the  shocking  conditions  which  existed  above  the  intake  of  the 
public  supply. 
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I  wish  I  had  time  to  say  something  which  would  be  corrobo- 
rative, perhaps,  of  the  line  of  work  which  has  been  carried  out  at 
Ithaca.  There  is  another  chapter  there  in  this  old,  old  story  of 
the  pollution  of  our  supplies,  our  great  supplies  and  our  small 
supplies,  by  persons  suffering  from  the  acute  stages  of  typhoid 
fever,  or,  indeed,  from  those  often  more  dangerous  cases  of  what 
are  known  as  "  walking  typhoid."  It  has  been  my  .fortune  to 
examine  into  some  of  the  epidemics,  large  and  small,  which  have 
prevailed  in  the  Western  states.  I  should  like  to  go  somewhat 
into  the  details  of  the  epidemic  at  Rockland,  111.,  which  was 
directly  traceable  to  the  pollution  of  the  water  supply.  Perhaps 
later  when  I  may  be  in  Boston,  as  I  hope  to  be  for  a  few  months 
this  winter,  I  may  have  the  pleasure  of  speaking  to  you  upon  that 
epidemic,  which  certainly  was  a  most  remarkable  one,  and  the 
history  of  which  has  not  as  yet,  I  believe,  found  its  way  into  print. 

I  should  like  to  speak  of  the  epidemic  at  Baraboo,  Wis.,  where 
we  had  direct  proof  that  the  outbreak  was  due  to  contamination 
of  the  water  supply.  It  is  a  comparatively  small  town,  two  or 
three  thousand  inhabitants  only,  and  there  were  not  more  than 
two  hundred  eases,  with  a  death  rate  of  perhaps  one  in  thirty,  and 
the  evidence  was  as  certain  as  anything  which  has  been  presented 
laere  regarding  the  outbreak  at  Ithaca.  The  town  is  situated  on 
a  river.  The  sewage  passes  into  a  canal,  which  is  taken  from 
above  a  dam  below  the  city,  and  for  some  mysterious  reason  the 
water  supply  pipe  was  laid  on  the  bottom  of  that  canal,  the  supply 
being  from  wells  on  one  side  of  the  canal  and  the  pumps  being 
situated  on  the  other.  Why  the  pipe  was  ever  laid  there  I 
cannot  imagine,  but  worse  than  that,  in  the  pipe  was  a  T  and 
valve  so  that  an  extension  could  be  put  on,  and  there  were 
three  joints.  In  consultation  with  Dr.  Russell,  of  Madison, 
Wis.,  I  was  called  on  to  find  the  cause  of  an  outbreak  of  typhoid 
fever  in  the  town,  there  being  at  that  time  about  seventy-five 
cases.  After  beating  around  for  three  or  four  days  we  plotted 
out  the  cases  as  they  were  reported.  We  found  that  they  would 
come  in,  one,  two,  three  or  four,  and  then  suddenly  there  would 
be  a  rise  to  seven  or  eight  cases;  then  the  number  would  drop  to 
two  or  three,  and  then  in  the  course  of  twelve  or  fourteen  days 
there  would  be  another  rise.     That  is,  there  were  waves,  as  it 
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were,  or  periods  when  there  were  many  more  cases  reported  than 
at  other  times. 

That  led  to  an  investigation  as  to  what  had  happened  on  certain 
dates.  Reckoning  back  to  cover  the  period  of  incubation  of 
tjrphoid  fever,  about  fourteen  days,  we  went  down  to  the  pumping 
station  and  asked  them  what  they  did  on  the  date  in  question. 
"  Did  you  take  any  raw  river  water  from  the  canal  that  day?  " 
"  No,  sir;  the  pumps  were  operated  just  exactly  on  that  day  as 
on  other  days."  I  asked  the  engineer,  "  What  did  you  do  on  the 
thirteenth  day  of  July?"  reckoning  back  fourteen  days.  "We 
didn't  do  anything  except  to  operate  the  pumps  just  the  same 
that  day  as  before."  But  somebody  went  out  and  came  back  in 
a  few  minutes  and  said,  ''  Why,  that  was  the  day  we  started  the 
steam  pump."  Well,  on  looking  up  the  records  we  found  that  the 
thirteenth  day  of  July  was  a  very  hot  day,  and  the  water  power 
pumps  were  inadequate  and  the  auxiliary  steam  pump  had  been 
started.  Reckoning  back  fourteen  days  the  other  way  we  found 
that  on  the  27th  of  July  the  steam  pump  had  been  started  again. 
I  turned  to  the  superintendent  and  said,  "  You  go  down  and 
you  will  find  that  the  packing  is  out  of  the  joints  in  that  pipe 
at  the  bottom  of  the  canal,  and  that  you  have  got  leaks 
around  the  joints."  Said  he,  "  How  do  you  make  that  out?" 
I  replied,  "  I  will  tell  you.  Ordinarily  the  silt  will  settle  down 
around  the  joints  and  the  jar  of  the  water  pumps  is  not  enough 
to  start  it,  but  the  pulsation  upon  the  main  pipe  when  the 
steam  pump  was  started  has  been  sufficient  to  jar  out  the 
silt."  So  they  drew  down  the  water  and  found  five  leaks, 
one  of  which  you  could  put  your  hand  through.  In  other 
words,  the  lead  had  dropped  away,  the  silt  had  taken  its 
place,  and  the  increased  jar  on  the  intake  pipe  had  caused  that 
silt  probably  to  be  sucked  in  and  caused  a  leak,  so  that  the  dirty 
water  from  this  canal  could  go  through  and  find  its  way  into  the 
main.  Fourteen  days  after  that  first  starting  of  the  steam  pump 
the  typhoid  fever  broke  out,  and  fourteen  days  from  the  time  the 
steam  pump  was  started  up  the  second  time  the  fever  increased. 
We  ordered  that  pipe  taken  out  altogether,  so  that  the  canal  water 
could  not  find  access  at  all  to  the  mains,  and  the  epidemic  then 
died  out. 
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I  might  go  over  the  same  story  at  Ashland,  Wis. ;  I  might  go 
over  the  same  story  again  at  Duluth,  Minn. ;  and  I  might  go  over 
the  same  story  again  in  the  city  of  MinneapoHs,  where  there  was 
a  second  outbreak  this  year.  And  so  you  will  find  it  is  the  same 
story  over  and  over  again  of  the  water  supply  being  the  primary 
cause  of  the  outbreak  of  this  dread  disease. 

A  friend  back  here  (Mr.  Hastings)  asks  how  we  are  going  to 
prevent  it.  The  only  way  is  by  eternal  vigilance.  I  was  called 
upon  to  make  an  investigation  of  the  Denver  supply.  What  did 
we  find?  At  a  point  sixteen  miles  above  the  lake  we  found  a 
brother  and  sister  sick  in  bed  with  typhoid  fever,  and  the  dejecta 
from  those  patients  were  thrown  out,  without  any  disinfection- 
whatever,  into  Bear  Creek  and  found  their  way  to  the  city.  Th& 
health  commission  went  up  and  bought  that  house  and  took 
the  sick  people  —  it  was  in  warm  weather  —  out  into  a  tent 
which  was  erected  temporarily,  and  burned  down  the  house^ 
cleaned  up  the  debris  and  covered  the  spot  with  loam.  To-day 
if  you  went  out  where  that  house  stood  you  would  find  a  bright,^ 
green  grass  plot. 

Eternal  vigilance,  watching  the  plant  continually  and  keeping^ 
after  it,  is  the  only  recommendation  I  have  to  make  to  those 
who  have  to  do  with  the  operating  of  public  water  supplies, 
for  it  is  only  in  that  way  that  they  can  be  certain  of  guarding^ 
against  not  only  the  open  causes  which  everybody  knows 
about,  but  the  far  more  insidious  causes  that  the  public  never 
will  know  about  till  the  dire  result  of  some  great  outbreak 
follows. 

Mr.  M.  N.  Baker.*  It  is  certainly  appalHng  to  think  that 
such  an  epidemic,  caused  by  conditions  such  as  have  been 
described,  could  have  occurred  so  recently;  and  it  is  all  the  more 
appalling  when  we  reahze  the  fact,  as  we  must,  that  there  are 
hundreds  of  other  communities  that  have  the  danger  of  the  same 
kind  of  epidemic,  of  equal  severity,  impending  at  the  present 
moment.  As  many  of  you  doubtless  remember,  during  the  past 
winter  we  had  a  laj'ge  number  of  outbreaks,  and  one  or  two  epi- 
demics which  rivaled  in  importance  that  at  Ithaca.  Those  out- 
breaks attracted  a  great  deal  of  attention,  and  I  think  they  have 

*  Associate  Editor,  Engineering  News,  New  York  City. 
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done  a  great  deal  to  arouse  the  public  mind  to  the  necessity  of 
guarding  against  them  in  the  future. 

The  precautions  which  can  be  taken  against  such  outbreaks 
naturally  divide  themselves  under  two  heads.  One  of  them,  and 
the  first,  concerns  more  particularly  an  association  like  this, 
composed  of  water  works  superintendents  and  engineers.  The 
duty  of  a  water  works  superintendent  and  of  a  water  board  is,  of 
course,  to  do  all  that  is  possible,  first  to  prevent  the  pollution  of 
the  water,  and  second,  to  make  sure  that  the  water  when  neces- 
sary is  purified  before  it  is  delivered  to  the  consumer. 

Now,  in  view  of  the  almost  insurmountable  difficulties  in  pre- 
venting occasional  pollution  in  sparsely  populated  drainage  areas, 
and  the  general  apathy  and  indifference  of  the  public,  whose 
interest  and  support  is  necessary  to  prevent  contamination,  both 
in  the  rural  districts  and  in  the  districts  nearer  the  cities,  I  think 
we  may  say  the  time  has  come  when  we  in  the  United  States  will 
have  to  do  as  is  done  in  Great  Britain  and  Germany,  and  begin 
to  make  our  plans  to  effectually  purify  all  water  derived  from 
surface  sources.  That  subject,  of  course,  might  be  dealt  with  at 
length,  but  as  the  time  is  short,  I  wish  to  pass  on  to  the  precau- 
tions of  the  other  line. 

Those  are  more  general  in  their  nature,  but  as  the  water  w^orks 
superintendents  and  other  officials  have  such  a  great  burden  of 
responsibility  upon  them,  I  think  that  they  must  try  to  arouse 
the  public,  the  various  municipalities  and  municipal  authorities 
of  the  country,  to  the  necessity  of  a  thorough  reorganization  of 
the  work  of  the  local  boards  of  health.  Here  is  where  the  trouble 
arises.  Scarcely  any  of  the  cities  of  the  United  States,  to-day, 
large  or  small,  are  taking  effective  precautions  through  their  local 
boards  of  health  to  protect  the  purity  of  their  water  supplies  and 
to  prevent  these  epidemics  of  typhoid  which  arise,  not  always 
from  water  supplies,  but  from  many  other  sources. 

It  is  for  the  interest  of  water  works  authorities  to  have  the 
necessary  work  done  to  prevent  the  spread  of  typhoid  through 
other  causes  than  the  public  water  supplies.  Many  epidemics, 
mild  outbreaks  generally,  but  sometimes  quite  considerable  ones, 
come  through  the  milk  supplies.  The  protection  of  the  milk 
supply  is  a  rural  question,  and  it  comes  in  naturally  and  is  closely 
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related  to  the  protection  of  surface  water  supplies.  Now,  I  ven- 
ture to  say  that  with  efficient  board  of  health  work,  with  suffi- 
cient registration  of  vital  statistics,  such  epidemics  as  occurred 
at  Ithaca,  and  more  recently  at  Butler,  Pa.,  and  a  number  of 
other  places,  could  never  have  attained  the  importance  that  they 
did.  They  would  have  been  stamped  out  long  before  so  much 
mischief  was  done;  and  ordinarily  the  secondary  infection  would 
be  prevented  by  proper  board  of  health  work. 

There  are  a  few  questions  which  it  would  be  very  interesting 
indeed  to  discuss  at  greater  length  and  to  have  the  author  of  the 
paper  answer,  but  in  view  of  the  lateness  of  the  hour,  perhaps 
the  answers  to  those  questions  might  be  given  in  writing  in  closing 
the  discussion.  There  is  one  thing,  however,  which  vitally  con- 
cerns us  all  in  view  of  the  educative  value  of  such  a  study  as  was 
made  at  Ithaca  and  has  been  presented  in  outline  here.  Why 
was  not  that  report,  which  was  worked  up  with  great  care,  and 
which  would  have  been  of  inestimable  service  in  carrying  on  the 
campaign  against  the  spread  of  typhoid  fever  throughout  the 
country,  made  public?  Why  has  it  been  suppressed?  The 
report,  as  I  understand  it,  was  completed  practically  a  year  ago. 
The  study  was  made  by  the  Department  of  Health  of  the  State  of 
New  York  at  great  expense,  and  that  report  should  have  been 
published  in  a  large  number  of  copies  and  circulated  broadcast 
throughout  the  state  of  New  York,  in  order  to  arouse  other 
communities  to  the  necessity  of  carrying  on  preventive  work. 

Another  question  is.  How  could  such  conditions  as  existed  at 
Ithaca  have  arisen  in  a  university  town?  Now,  that  is  rather  a 
delicate  question  and  opens  up  an  opportunity  for  a  very  great  deal 
of  discussion.  I  thought,  at  the  time,  a  great  deal  about  it,  and 
this  thing  came  to  my  mind  among  other  things:  Philadelphia, 
for  instance,  in  which  is  located  the  University  of  Pennsylvania, 
a  university  city,  has  been  suffering  through  these  many  years 
from  a  very  large  number  of  cases  of  typhoid  fever.  The  Uni- 
versity of  Pennsylvania,  so  far  as  we  know,  did  comparatively 
little,  but  there  the  problem  was  so  great  and  so  far  beyond  the 
influence  of  the  university  that  we  might  not  expect  it  could  do 
much  except  through  the  individual  efforts  of  some  of  the  members 
of  the  staff.     I  think  as  a  matter  of  fact  that  some  of  them  did 
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have  a  very  great  influence  in  the  early  days  upon  the  protection 
of  the  Schuylkill.  But  in  a  smaller  place  like  Ithaca,  and  like 
Beloit  and  many  other  places  where  there  are  universities,  the 
teaching  staff  of  the  university  can  have  and  should  have  a  very 
great  influence  in  the  protection  of  the  public  health.  I  think 
that  is  worthy  of  reflecting  upon,  at  least.  Has  Ithaca  an  effi- 
cient board  of  health  to-day?  Is  it  in  a  position  to  keep  down 
these  dangers  along  the  same  line?  I  have  understood  that, 
notwithstanding  its  severe  lesson,  politics  and  a  multiplicity  of 
conflicting  interests  of  one  sort  and  another  have  prevented  the 
carrying  out  of  efficient  work. 

One  of  the  greatest  difficulties  which  any  local  board  of  health 
has  to  contend  with  in  trying  to  put  the  municipality  under  its 
care  in  proper  condition  to-day  is  the  finding  of  the  proper  sort 
of  men  to  carry  on  the  work  of  inspection  and  protection  of  the 
public  health.  There  is  not  in  the  United  States  to-day  any 
means  of  providing  the  training  which  is  necessary  for  an  execu- 
tive health  officer  or  health  inspector,  and  we  are  continuously 
confronted  in  the  community  in  which  I  live  —  Montclair,  N.  J. 
—  with  that  fact .  Every  few  years  we  have  to  go  through  the 
finding  of  a  new  man  to  occupy  the  position  of  executive  health 
officer.  We  are  in  that  position  to-day.  We  had  in  Montclair 
a  few  years  ago  an  outbreak  of  typhoid  fever  which  resulted 
in  something  over  eighty  cases,  —  a  milk  epidemic  —  due 
to  a  mild  case  of  typhoid  in  the  family  of  a  milkman.  It 
was  the  case  of  a  young  man  who  worked  in  the  dairy  and 
who  went  to  a  privy  which  was  located  a  little  higher  than 
a  well,  from  which  water  was  drawn  to  wash  the  milk  cans, 
etc.  We  had,  as  I  say,  in  Montclair  some  eighty  cases,  and  they 
were  all  on  one  milk  route.  And  this  illustrates  the  fact  that 
the  burden  of  this  responsibility  for  typhoid  does  not  all  rest 
upon  the  water  works  men,  although  water  is  generally  at  the 
bottom  of  the  matter.  That  epidemic  aroused  public  interest 
so  much  in  Montclair  that  they  have  backed  up  the  work  of  the 
board  of  health  ever  since,  and  we  have  had  almost  without 
exception  during  the  last  eight  or  ten  years  a  trained  man  as 
executive  health  officer  in  the  town.  We  have  generally  gone  to 
Professor  Sedgwick  at  the  Massachusetts  Institute  of  Technology 
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and  asked  him  to  find  some  .man  for  us,  because  the  course  there 
and  the  work  under  Professor  Sedgwick  and  formerly  under  Pro- 
fessor Drown  seemed  best  to  fit  men  for  that  position.  But  every 
two  or  three  years  the  man  we  get  becomes  so  vaUiable  that  he 
is  sought  for  other  lines  of  work  elsewhere  and  given  greater 
compensation.  We  have  just  lost  a  man  who  has  gone  on  to  the 
United  States  Geological  Survey  to  assist  in  the  work  of  the 
investigation  of  water  supplies  and  their  pollution.  And  so  we  are 
again  confronted  with  the  necessity  of  finding  a  competent  man, 
and  there  is  no  place  to  go  where  we  can  find  a  number  of  men 
to  draw  upon  for  that  work. 

This  Association  and  its  members  have  an  opportunity  for  a 
great  deal  of  usefulness  in  bringing  the  attention  of  the  public 
authorities  to  these  other  phases  of  water  pollution  resulting  in 
typhoid  fever  epidemics,  and  also  in  bringing  home  to  our  educa- 
tional institutions  their  duty  towards  the  smaller  communities 
in  which  they  are  located,  and  the  need  of  courses  in  all  of  our 
leading  institutions  of  learning  which  shall  fit  men  to  carry  on  the 
health  protective  work  of  our  cities  and  towns. 

President  Brooks.  I  have  noticed  that  that  old  fallacy 
which  was  advanced  by  Franklin  years  ago  in  England  as  to  the 
ability  of  running  water  to  purify  itself  by  oxidization  in  going 
a  certain  distance  seems  to  have  more  vitality  than  any  error  I 
ever  knew  of.  People  living  on  water  drainage  areas  discharge 
their  filth  into  the  water  supply  with  the  idea  that  it  will  become 
perfectly  harmless  by  running  a  short  distance.  Do  you  not  find 
that  idea  to  exist  quite  generally.  Dr.  Soper? 

Dr.  Soper.     I  do,  indeed. 

President  Brooks.  It  seems  to  be  something  which  has 
become  thoroughly  instilled  in  the  minds  of  many  people,  espe- 
cially those  living  in  the  rural  districts ;  they  seem  to  feel  that 
filth  can  be  cast  into  a  running  stream  with  perfect  impunity.  I 
might  say  also,  in  connection  with  what  Mr.  Baker  has  said  in 
regard  to  the  cooperation  of  local  boards  of  health,  that  we  find 
it  very  difficult  to  interest  the  boards  of  health  of  adjoining  towns 
in  the  welfare  of  their  neighboring  cities.  They  may  be  interested 
in  their  own  affairs,  but  if  our  water  supply  is  collected  in  their 
towns  they  take  very  little  interest  in  preventing  its  pollution. 
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We  may  say  to  them  that  their  people  visit  us,  and  that  our 
people  visit  them,  and  that  there  is  an  intimacy  between  the 
people  of  the  different  communities  which  makes  it  incumbent 
upon  them  to  guard  our  supply  as  jealously  as  their  own,  but  that 
does  not  seem  to  have  any  force  with  them.  Here  in  New  Eng- 
land, where  our  milk  supply  comes  from  adjoining  towns,  our 
local  board  has  nothing  to  do  with  the  conditions  under  which 
the  milk  is  furnished,  and  it  really  seems  sometimes  as  though  if 
any  really  efficient  work  is  to  be  done,  it  will  devolve  upon  the 
state  to  do  it. 
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Twenty-third  Annual  Convention. 

HoLYOKE,  September  14,  15,  16,  1904. 

The  Twenty-third  Annual  Convention  of  the  Association  was 
held  in  Holyoke,  Mass.,  on  Wednesday,  Thursday,  and  Friday, 
September  14,  15,  and  16,  1904.  The  headquarters  of  the  Asso- 
ciation during  the  convention  were  at  the  Hotel  Hamilton,  and 
the  meetings  were  held  in  a  hall  in  the  hotel. 

The  following  members  and  guests  were  registered: 

Members. 

S.  A.  Agnew,  Kenneth  Allen,  F.  E.  Appleton,  M.  N.  Baker,  C.  H.  Baldwin, 
L.  M.  Bancroft,  F.  A.  Barbour,  H.  K.  Barrows,  G.  W.  Batchelder,  J.  E.  Beals, 
J.  F.  Bigelow,  F.  E.  Bisbee,  George  Bowers,  E.  C.  Brooks,  James  Burnie,  G.  F. 
Chace,  R.  C.  P.  Coggeshall,  M.  F.  Collins,  C.  E.  Colver,  W.  R.  Conard,  F.  H. 
Crandall,  G.  K.  Crandall,  G.  E.  Crowell,  L.  B.  Cummings,  E.  R.  Dyer,  E.  A. 
Ellsworth,  August  Fels,  B.  R.  Felton,  E.  H.  Foster,  A.  M.  French,  F.  L. 
Fuller,  D.  H.  Gilderson,  T.  C.  Gleason,  A.  S.  Glover,  F.  W.  Gow,  J.  D.  Hardy, 
L.  M.  Hastings,  V.  C.  Hastings,  A.  R.  Hathaway,  W.  C.  Hawlev,  Rudolph 
Hering,  H.  G.  Holden,  R.  E.  Horton,  J.  A.  Huntington,  E."  W.  Kent, 
Willard  Kent,  G.  A.  King,  E.  S.  Lamed,  F.  H.  Luce,  T.  H.  McKenzie, 
Hugli  .AIcLean,  D.  A.  Makepeace,  T.  W.  Mann,  A.  E.  Martin,  John  Mavo, 
F.  1-:.-. Merrill,  F.  L.  Northrop,  O.  E.  Parks,  Washington  Paulison,  H. 'D. 
Parsons,  H.  E.  Perry,  A.  E.  Pickup,  S.  P.  Senior,  E.  M.  Shedd,  J.  Herbert 
Shedd,  C.  W.  Sherman,  M.  A.  Sinclair,  G.  H.  Snell,  G.  A.  Soper,  H.  T.  Sparks, 
H.  W.  Spooner,  J.  F.  Sprenkel,  G.  A.  Stacv,  J.  J.  Sullivan,  R.  J.  Thomas, 
J.  L.  Tighe,  C.  K.  Walker,  C.  S.  Warde,  Timothv  Woodruff,  G.  E.  Winslow. 
—  80. 

Associates. 

Ashton  Valve  Co.,  by  C.  W.  Houghton;  Builders  Iron  Foundry,  by  A.  B. 
Coulters;  Chadwick-Boston  Lead  Co.,  by  C.  N.  Fairbairn;  Chapman  Valve 
Mfg.  Co.,  by  Herbert  E.  Stone,  Edward  F.  Hughes  and  E.  L.  Ross;  Coffin 
Valve  Co.,  by  H.  L.  Weston;  Henry  A.  Desper;  Garlock  Packing  Co.,  by 
F.  E.  Putney;  Fred  C.  Gilford;  Greenwood  &  Daggett  Co.,  by  G.  F.  Chace 
and  W.  H.  Greenwood;  Hart  Packing  Co.,  by  Horace  Hart;  Hersev  Mfg. 
Co.,  by  J.  A.  Tilden,  Albert  S.  Glover,  F.  A.  Smith  and  H.  D.  Winton;  Inter- 
national Steam  Pump  Co.,  by  Charles  B.  Moore  and  Samuel  Harrison;  Ken- 
nedy Valve  Co.,  by  M.  J.  Brosnan;  Lead  Lined  Iron  Pipe  Co.,  by  T.  E. 
Dwyer  and  Franklin  Bancroft;  Ludlow  Valve  Mfg.  Co.,  by  H.  F.  Gould; 
H.  Mueller  Mfg.  Co.,  bV  F.  li.  Mueller  and  W.  L.  Dickel;  National  Meter  Co., 
by  Chas.  H.  Baldwin  and  J.  G.  Lufkin;  Neptune  Meter  Co.,  by  H.  H.  Kinsey, 
C.  A.  Vaughan  and  D.  B.  McCarthy;  Norwood  Engineering  Co.,  by  H.  W. 
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Hosford;  Pittsburg  Meter  Co.,  by  T.  C.  Clifford;  A.  W.  Chesterton  &  Co., 
by  Wm.  M.  Rea;  Rensselaer  Mfg.  Co.,  by  F.  S.  Bates  and  Charles  L.  Brown; 
Ross  Valve  Co.,  by  Wm.  Ross;  A.  P.  Smith  Mfg.  Co.,  bv  Anthony  P.  Smith, 

D.  F.  O'Brien  and  F.  N.  Whitcomb;  Sumner  &  Goodwin  Co.,  by"H.  A.  Gor- 
ham;  Sweet  &  Doyle,  by  H.  L.  De Wolfe;  Thomson  Meter  Co.,  by  S.  D. 
Higley;  Union  Water  Meter  Co.,  by  F.  L.  Northrop  and  W.  F.  Hogaii;  U.  S. 
Cast  Iron  Pipe  &  Foundry  Co.,  by  W.  B.  Franklin;  R.  D.  Wood  &  Co.,  by 
Chas.  R.  Wood  and  W.  G.  Woodburn.  —  47. 

Guests. 

Mrs.  E.  C.  Brooks,  Mr.  &  Mrs.  James  P.  Bacon,  Wm.  H.  Cutler,  Cambridge; 
Allen  M.  Pierce,  Harry  H.  Atkinson,  F.  A.  Leavitt,  Charles  Wilson,  T.  P. 
Taylor,  Edward  Atkinson,  Mrs.  Horace  Hart,  Miss  J.  M.  Ham,  P)()ston;  Mrs. 
A."E.  Gardner,  Mrs.  J.  E.  Burden,  Mrs.  J.  H.  Gushing,  Micl(llt'l)()ro;  Mrs.  D. 
H.  Gilderson,  Hayerhill;  Mrs.  John  Mayo,  Rridgewater;  F.  J.  Gifford,  T.  F. 
Monaghan,  Fall  Riyer;  Mrs.  George  A.  Stacy,  Mrs.  J.  F.  Bigelow,  Mr.  &  Mrs. 

A.  E.  Longlev,  Hon.  F.  R.  S.  Mildon,  W.  H.  O.sgood,  A.  H.  Coughlin,  Marl- 
boro; Mrs.  Edward  L.  Ross,  Mr.  &  Mrs.  Chas.  O.  Churchill,  Mr.  &  Mrs.  C.  A. 
G.  Winther,  Mr.  &  Mrs.  F.  L.  Lane,  G.  Doran,  Indian  Orchard;  T.  J.  Gavin, 
Watertowai;  George  C.  Hunt,  Worcester;  F.  S.  Dewey,  Jr.,  John  L.  Hyde, 
G.  ^Y.  Rosaback,  S.  W.  Hildreth,  Westfield;  Charles  F.  Merrill,  Somerville; 
Mrs.  A.  E.  Martin,  Mrs.  Charles  A.  Kilburn,  Rufus  Fuller,  F.  A.  Holden, 
Charles  Davis,  M.  J.  Harrington,  E.  A.  Helmick,  Edward  P.  Butts,  Spring- 
field; W.  H.  Wilcox,  A.  L.  Wright,  P.  J.  Moriarty,  H.  E.  Gaylord,  R.  F. 
Kennedy,  M.  J.  Moriarty,  South  Hadley  Falls;  E.  L.  Arundel,  Lawrence; 
M.   Schofield,   E.   W.   Bigelow,   Webster;  Mrs.   George   Bowers,   Miss  Helen 

E.  Bowers,  Mrs.  F.  E.  Appleton,  Mrs.  R.  J.  Thomas,  R.  J.  Crowley,  Grover 
Fels,  F.  L.  Weaver,  Alvah  Weaver,  M.  J.  Dowd,  P.  Kelley,  E.  W.'Lovejoy, 
Lowell;  Mrs.  George  E.  Winslow,  Mrs.  Fred  C.  Gifford,  Waltham;  Mrs. 
H.  W.  Hosford,  Florence;  Mrs.  H.  B.  Hamilton,  Chester;  Mr.  c^-  Mrs.  C.  G. 
Howe,  Orange;  George  M.  Hawkes,  Portland;  J.  Emerson,  Bangor,  Me.; 
George  Goodhue,  Concord,  N.  H.;  Mrs.  Willard  Kent,  Narragansett  Pier, 
R.  I.;  C.  B.  Crowell,  Brattleboro,  Vt.;  C.  A.  Goodhue,  H.  R.  Cooper,  Mrs. 
P.  J.  Sullivan,  James  Hosfall,  John  Hosfall,  Thompsonville,  Ct.;  George  F. 
Bard,  Norwich,  Ct.;  Mr.  &  Mrs.  J.  M.  Kinder,  Meriden,  Ct.;  Mr.  &  Mrs.  E.  G. 
Smith,  Beloit,  Wis.;  H.  C.  Jenkins,  New  Milford,  N.  Y.;  W.  E.  Lincohi, 
New  Berg,  N.  Y. ;  J.  Grace  Billings,  Cambridge,  N.  Y.;  A.  R.  Foley,  Trenton, 
N.  J.;  J.  C.  DeMello,  Jr.,  New  Bedford,  Mass.;  Mrs.  Washington  Paulison, 
Passaic,  N.  J.;  Mrs.  F.  H.  Luce,  Wood  Haven,  N.  Y.;  W.  C.  Hopper,  Pater- 
son,  N.  J.;  T.  J.  Nagle,  Erie,  Pa.;  J.  F.  O'Brien,  New  York  City;  Ahce  S. 
Corner,  W.  E.  White,  F.  H.  Evans,  P.  J.  Lucey,  F.  J.  Millane,  Alexander 
O'Brien,  J.  F.  Curvan,  W.  B.  Reid,  Mrs.  E.  A.  Ellsworth,  T.  H.  Sears,  A.  C. 
Edson,  E.  M.  Dickinson,  George  H.  Miller,  A.  Davis,  W.  J.  How(>s,  Thomas 
Stansfield,  John  J.  Kirkpatrick,  Elizabeth  Sulli\rui,  Ella  G.  Partridge,  Marion 

B.  Corner,  Annie  L.  Kelton,  Louise  Tower  Dickinson,  Millie  D.  French,  Patrick 
Gear,  Thomas  E.  Bligh,  H.  E.  Fuller,  John  Stalker,  W^m.  G.  Lee,  Theo.  L. 
LaFrance,  W.  H.  Abbott,  M.  F.  Walsh,  J.iUian  A.  Utley,  W.  D.  Ballard, 
James  M.  Kennedy,  V.  E.  Hastings,  W.  H.  AVhitcomb,  Mrs.  J.  J.  Sullivan, 
J.  J.  Dunn,  Hon.  Arthur  Jl  Chapin,  Homer  J.  Stratton,  A.  E.  DeWolfe, 
R.  P.  Cunningham,  Chas.  L.  Newcomb,  W.  M.  Reynolds,  W.  J.  Sunmer, 
Robert  E.  Newcomb,  Albert  E.  Denison,  J.  M.  Kearns,  I.  R.  C.  Winchester, 
A.  F.  Sickman,  S.  E.  Whiting,  L.  E.  Connell,  George  Nightingale.  Joseph 
K.  Barber.  E.  D.  Lombard,  John  C.  Dickinson,  F.  M.  Sears,  S.  B.  Slayton, 
A.  D.  Cooke,  A.  K.  Wheeler,  C.  D.  Powers,  W.  V.  McCarthy,  H.  A.  Wheeler, 

C.  N.  Wheeler.  C.  L.  Allen,  F.  H.  Metcalf,  F.  A.  Smith.  John"  S.  Hildreth,  Mrs. 
W.  G.  Dwight,  R.  H.  Cahill,  G.  H.  Smith,  Frank  A.  Woods,  E.  Hart,  C.  Range, 
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Mrs.  W.  Bradford,  Ashton  E.  Hemphill,  W.  E.  Sauvin,  Thomas  Moynihan, 
Frank  Feather,  N.  P.  Avery,  Charles  W.  Haworth,  M.  J.  Alyson,  Patrick  H. 
Carey,  James  F.  Cleary,  Charles  E.  Mackintosh,  A.  P.  Capin,  Terrace  O'Don- 
nell,  G.  L.  Bosworth,  W.  C.  lAvermore,  John  J.  Dowdall,  Frank  Quigley, 
N.  W.  Hart,  C.  P.  Lyman,  Edward  Stratton,  Ralph  G.  Waite,  C.  F.  Thran- 
hardt,  Mr.  &  Mrs.  Thomas  Appleton,  Holyoke,  Mass.  —  192. 
(Names  counted  twice.  —  4.) 

Wednesday,  September  14. 

The  Convention  was  called  to  order  at  11  a.m.  by  President 
Edwin  C.  Brooks,  who  introduced  Mayor  A.  B.  Chapin  of  Holyoke. 
The  mayor  spoke  as  follows: 

ADDRESS   OF    WELCOME     BY   MAYOR    CHAPIN. 

M7\  President,  Ladies  and  Gentlemen,  —  It  is  proper  that  when 
we  are  extending  to  the  members  of  the  New  England  Water 
Works  Association  a  most  cordial  greeting  to  our  city,  the  con- 
dition of  the  atmosphere  should  be  such  as  it  is,  —  not  to  throw 
any  wet  blanket  upon  the  success  of  your  meeting,  but  ^o  show 
you  that  we  in  Holyoke  are  great  believers  in  water.  (Laughter.) 
But  I  know  that  the  committee  have  arranged  it  so  that  when 
you  go  around  to  inspect  our  beautiful  city  the  sunshine  will  be 
turned  on.  Our  city  is  one  that  has  been  built  up,  I  may  say, 
by  water.  The  Connecticut  River  has  been  harnessed  to  turn 
rags  into  paper,  to  manufacture  cloth  and  thread  and  machinery 
and  the  other  products  of  our  factories  which  have  made  Holyoke 
what  she  is  to-day,  not  only  famous  as  the  city  where  the  best 
writing  paper  in  the  world  is  made,  but  also  one  of  the  leading 
cities  in  this  section  in  all  lines  of  manufacture. 

Your  Association  is  interested  in  water,  not  as  it  is  used  for 
manufacturing  purposes,  however,  but  in  its  relations  to  the 
m.unicipality.  One  of  the  greatest  problems  which  can  confront 
any  city  is  the  obtaining  of  a  pure  water  supply.  We  are  for- 
tunately situated  in  that  respect  here,  being  on  a  side  hill,  so  that 
we  can  take  the  waters  as  they  come  down  from  the  hills  and 
mountains  above  us.  We  are  by  nature  provided  with  an  ade- 
quate supply,  and  our  water  commissioners  have  utilized  the 
sources  of  supply  in  such  a  way  that  we  believe  they  will  be  ample 
for  our  needs  for  a  great  many  years  to  come.     While  other  cities 
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are  still  compelled  to  face  serious  questions  in  connection  with 
their  water  supply  and  drainage,  involving  large  expenditures  of 
money,  we  feel  that  those  questions  have  been  solved  here  satis- 
factorily. We  trust  that  you  will  be  benefited  by  your  visit  to 
us,  and  that  we  may  also  be  benefited  by  your  presence  among 
us  and  by  the  new  ideas  which  we  may  gain  from  our  intercourse 
with  you.     (Applause.) 

Mr.  M.  H.  Whitcomb,  president  of  the  Holyoke  Business  Men's 
Association,  was  then  presented  by  President  Brooks,  and  he 
spoke  as  follows: 


ADDRESS   OF    WELCOME    BY   M.    H.  W^HITCOMB,    PRESIDENT    HOLYOKE 
BUSINESS    men's    ASSOCIATION. 

Mr.  President,  Mr.  Mayor,  Ladies  and  Gentlemen, —  Since  it  was 
fully  decided  that  we  were  to  have  the  honor  and  pleasure  of 
having  you  as  our  guests  here  in  Holyoke,  I  have  tried  to  think 
of  something  to  say  which  would  fittingly  express  the  cordial 
welcome  which  is  in  our  hearts.  But  as  I  have  listened  to  the 
words  of  our  honored  mayor  I  have  felt  that  I  could  add  nothing 
to  what  he  has  so  well  and  ably  said.  If  I  made  the  attempt  it 
would  only  be  repetition,  and  would  be  taking  time  which  I  know 
you  desire  to  devote  to  matters  of  greater  interest  and  profit  than 
listening  to  anything  I  might  say.  I  was  reading  recently  an 
incident  related  of  a  citizen  who  suddenly  appeared  in  more 
prosperous  circumstances  than  usual,  and  he  was  hailed  by  an 
acquaintance  with  the  salutation,  ''  Hello,  Mr.  O'Brien;  I  see 
you  have  a  nice  gold  watch  and  chain,  and  you  are  looking  pretty 
prosperous  to-day."  O'Brien  replied,  "  I  guess  you  haven't 
heard  the  news.  It's  my  own  ihgant  self  that  has  married  the 
richest  widdy  in  town,  and  I  inherited  these  things  from  the 
husband  she  had  before  me."  (Laughter.)  Therefore,  in  behalf 
of  the  Association  which  I  represent,  I  will  inherit  as  my  own  the 
sentiments  his  Honor  has  so  well  expressed.     (Laughter.) 

It  is  much  more  becoming  that  we  should  listen  to  your  dis- 
cussions of  the  very  vital  and  important  matters  relating  to  a 
pure  and  wholesome  water  supply  than  that  I  should  bore  you 
with  anv  remarks.     I  have  read  that  if  one  has  nothing  new, 
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pertinent  or  interesting  to  say,  he  had  better  not  say  anything 
and  thereby  avoid  distressing  his  hearers  and  embarrassing 
himself.  That  is  good  advice.  I  recall  an  incident  related  of 
a  clergyman  who  addressed  a  Sunday-school  class  upon  a  subject 
with  which  he  desired  them  to  become  familiar.  At  the  close  of 
his  remarks  he  asked,  in  a  very  paternal  and  patronizing  way, 
"  Is  there  any  little  boy  or  any  little  girl  who  would  like  to  ask 
a  question?"  Receiving  no  response  he  repeated  his  query, 
whereupon  a  shrill,  piping  little  voice  from  the  rear  of  the  room 
called  out,  ''  Please,  sir,  you  said  that  the  angels  walked  up  and 
down  Jacob's  ladder,  and  you  said  that  they  had  wings.  Now, 
if  they  had  wings,  what  made  them  walk?  "  (Laughter.)  The 
parson  about  that  time  was  regretting  that  he  hadn't  sat  down 
earlier,  but  he  finally  said,  "  Oh,  yes,  I  see.  And  now  is  there 
any  little  boy  or  any  little  girl  who  would  like  to  answer  little 
Mary's  question?  "  Well,  I  am  going  to  sit  down  now,  sincerely 
hoping  that  we  may  be  successful  in  accomplishing  what  we  have 
aimed  at,  and  that  is  to  make  your  visit  with  us  so  pleasant  that 
it  will  be  long  remembered  by  you  all  and  something  to  date  from 
in  the  future.     (Applause.) 

President  Brooks  then  called  on  Mr.  John  J.  Sullivan,  chairman 
of  the  Board  of  Water  Commissioners,  Holyoke,  who  responded 
as  follows: 


ADDRESS    OF   WELCOME    BY   MR.     J.    J.    SULLIVAN,    WATER    COM- 
MISSIONER. 

Mr.  President,  Mr.  Mayor,  Ladies  and  Gentlemen.,  —  You  have 
already  been  extended  the  privileges  of  the  city  by  his  Honor 
Mayor  Chapin  and  by  the  Hon.  M.  H.  Whitcomb,  president  of  the 
Business  Men's  Association,  and  I  can  assure  you  that  it  is  with 
great  pleasure  I  extend  to  you  a  most  cordial  welcome  in  behalf 
of  our  Board  of  Water  Commissioners.  We  perhaps  more  than 
others  realize  the  importance  of  your  meeting  in  Holyoke.  We 
realize  that  attending  here  are  those  whose  time  is  very  valuable, 
but  they  recognize  the  importance  of  that  which  has  often  been 
called  "  God's  free- gift,"  and  they  are  willing  to  give  their  time 
and  to  put  their  knowledge  with  that  of  others  in  considering  and 
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devising  means  for  the  improvement  of  our  public  water  supplies. 
By  the  inconvenience  to  which  you  are  oftentimes  put,  and  by 
the  expense  and  loss  of  time  which  many  of  you  oftentimes  incur 
in  attending  these  conventions,  you  have  demonstrated  your 
sincerity  and  your  loyalty  to  this  Association  and  what  it  repre- 
sents, and  are  doing  much  to  impress  the  public  with  the  fact 
that  a  water  supply  is  not  a  mere  plaything,  but  a  matter  of  great 
importance.  I  take  this  opportunity,  Mr.  President,  to  thank 
you  and  your  committee  and  your  entire  Association  for  your 
courtesy  and  consideration  in  choosing  the  city  of  Holyoke  as 
the  place  for  your  annual  convention  this  year.  We  consider 
it  a  great  advantage  and  a  great  honor  to  us  to  have  you  here. 
(Applause.) 

President  Brooks.  Mr\  Mayor,  Mr.  Whitcomb,  and  Mr. 
Sullivan, —  On  behalf  of  the  New  England  Water  Works  Associa- 
tion I  thank  you  sincerely  for  yaur  cordial  welcome  to  the  city  of 
Holyoke,  and  I  am  sure  that  when  we  go  from  here  the  universal 
verdict  will  be  that  it  is  well  that  we  came. 


NEW    MEMBERS    ELECTED. 

The  Secretary  read  the  following  names  of  applicants  for  mem- 
bership, all  of  whom  had  been  duly  recommended  by  the  Executive 
Committee : 

For  Resident  Member.  — Augustus  B.  Palmer,  Franklin,  Mass., 
Superintendent  Franklin  Water  Co.;  George  Warren  Hawkes, 
Portland,  Me.,  Superintendent  Meter  Department;  Harry  E. 
Green,  Waterville,  Me.;  Albert  S.  Hall,  Waterville,  Me.-,  Super- 
intendent Kennebec  Water  District;  George  C.  Hunt,  Worcester, 
Mass.,  Water  Registrar;  D.  H.  Parsons,  Westfield,  Mass.,  Super- 
intendent Westfield  Water  Works;  Robert  J.  Crowley,  Lowell, 
Mass.,  President  Lowell  Water  Board;  Leonard  C.  Robinson, 
Waterville,  Me.,  Kennebec  Water  District;  Frank  E.  Winsor, 
Boston,  Mass.,  with  Charles  River  Basin  Commission;  Leonard 
P.  Wood,  Boston,  Mass.,  with  Charles  River  Basin  Commission. 

For  Non-Resident  Member.  —  Elizabeth  Moran  Finnegan, 
Lyons,  N.  Y.,  Superintendent  and  Secretary  of  the  Lyons  Water 
Works  Co. ;  Ulrich  Taubenheim,  Archangel,  Russia,  Manager  and 
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Chief  Engineer,  Archangel  Water  Works;  Erastiis  G.  Smith, 
Beloit,  Wis.,  chemist  and  bacteriologist. 

For  Associate.  —  Henry  A.  Desper,  Worcester,  Mass.,  manu- 
facturer of  water  meters  and  other  hydraulic  appliances. 

On  motion  of  Mr.  Fels  the  Secretary  was  instructed  to  cast  one 
ballot  in  favor  of  the  applicants,  which  he  did,  and  they  were 
declared  elected. 


COURTESIES    EXTENDED. 

The  Secretary  announced  that  the  Entertainment  Committee 
of  the  citizens  of  Holyoke  had  arranged  for  members  of  the  Asso- 
ciation to  visit  the  plants  of  any  of  the  following  named  com- 
panies on  Wednesday  and  Thursday:  Coburn  Trolley  Track  Mfg. 
Co.;  Holyoke  Machine  Co.;  Holyoke  Water  Power  Co.;  Holyoke 
Steam  Boiler  Works,  Inc. ;  Holyoke  Street  Railway  Co. ;  Holyoke 
Valve  &  Hydrant  Co. ;  J.  &  W.  Jolly,  paper  mill  machinery  man- 
ufacturers; Lyman  Mills;  National  Blank  Book  Co.;  George  W. 
Prentiss  &  Co.,  wire  manufacturers ;  Whitmore  Mfg.  Co. ;  American 
Thread  Co.;  and  that  arrangements  had  been  made  to  visit  on 
Friday,  in  parties  of  eight  or  ten  persons,  each  party  in  charge 
of  members  of  the  Entertainment  Committee,  the  following 
named  paper  mills:  American  Writing  Paper  Co.,  Albion,  Crocker, 
Linden  and  Riverside  No.  2  Mills,  Carew  Mfg.  Co.,  Parsons  Paper 
Co.,  Whiting  Paper  Co. 

The  Secretary  read  letters  from  the  following: 
•     Secretary   of   the   Board   of   Fire   Commissioners,  inviting  an 
inspection  of  fire-engine  houses  and  apparatus. 

Coburn  Trolley  Track  Mfg.  Co.,  inviting  members  to  visit  the 
works  of  the  company  at  Willimansett. 

Commodore  of  the  Holyoke  Canoe  Club,  extending  the  privileges 
of  the  club  house  and  fleet  for  one  week. 

Chapman  Valve  Mfg.  Co.,  extending  an  invitation  to  visit  and 
inspect  the  works  at  any  time  convenient  to  the  members. 

Secretary  of  the  Holyoke  Club,  extending,  by  vote  of  the  board 
of  directors,  the  hospitality  of  the  club  and  the  use  of  the  club 
house. 

On  motion  of  Mr.  F.  H.  Crandall  it  was  voted  to  accept  the 
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invitations,  and  that  the  thanks  of  the  Association  be  expressed 
to  the  various  companies,  firms,  and  organizations. 

It  was  further  announced  that  the  Entertainment  Committee 
of  the  citizens  of  Holyoke  had  made  arrangements  for  convey- 
ances to  take  the  members  of  the  Association  to  the  various  points 
of  interest. 

The  Secretary  read  the  following  communication  from  the 
water  commissioners  of  the  city  of  Taunton: 

Taunton,  Mass.,  May  21,  1904. 
To  THE  New  England  Water  Works  Association: 

Gentlemen,  —  We,  the  Board  of  Water  Commissioners  of  the  city  of  Taunton, 
desire  to  extend  to  the  members  of  your  Association  an  acknowledgment 
of  their  effective  cooperation  in  the  effort  which  resulted  in  the  defeat  of 
the  recently  proposed  legislation  embodied  in  what  is  now  generally  known 
as  the  Assawompset  bill.  Not  alone  was  the  safety  of  Taunton  assailed,  but 
the  water  supply  of  every  city  and  town  in  the  Commonwealth  was  threatened. 

Though  the  interests  of  our  city  and  of  the  cities  and  towns  which  you 

represent  are  identical,  we  recognize  with  especial  gratitude  the  unfaltering 

unanimity  with  which  you  came  to  our  support  when  the  attack  assumed 

a  special  rather  than  a  general  character.     A  large  share  of  the  effort  which 

was  made,  resulting  in  the  defeat  of  this  dangerous  if  noT;  pernicious  legislation, 

stands  to  your  credit,  and  we  should  be  recreant  to  our  sense  of  justice  were  we 

to  fail  to  express  in  this  formal  manner  our  deep  and  grateful  appreciation 

of  your  interest  in  our  behalf. 

We  beg  to  remain,  -cr        ,     ,  ,  ,,.  ,, 

"^  Very  truly  and  respectfully  yours. 

Board  of  Water  Commissioners  of  the  City  of  Taunton, 
By  Henry  M.  Lovering,  President. 

The  Secretary  read  a  letter  from  R.  D.  Wood  &  Co.,  calling 
attention  to  the  importance  of  uniformity  of  hydrant  nozzle 
threads  and  threads  for  hose  connections,  and  suggesting  the 
appointment  of  a  committee  to  join  with  committees  from  water 
and  fire  insurance  associations  in  discussing  and  settling  upon 
some  standard. 

The  President.  I  think  every  one  who  has  had  to  do  with 
fire  apparatus  or  hydrants  must  realize  that  something  is  needed 
in  the  way  of  uniformity,  instead  of  the  multiplicity  of  threads 
and  sizes  that  there  are  at  the  present  time.  I  think  it  is  evident 
that  in  these  days  of  quick  transit  and  means  for  rapid  trans- 
portation, when  cities  are  calling  upon  other  cities  sometimes  at  a 
remote  distance  for  help  in  times  of  great  conflagrations,  inter- 
changeable hose  and  hydrant  threads  would  greatly  facilitate  the 
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work  of  the  fire  departments.  I  realize  as  well  as  any  one  that  it  is 
going  to  require  great  effort  to  get  departments  to  change  their 
equipment,  but  it  seems  to  me  that  it  is  time  now  to  make  a 
beginning.  The  fire  engineers  have  appointed  a  committee  in 
years  past  to  consider  this  subject,  but  not  much  has  yet  been 
accomplished.  The  civil  engineers  have  done  something  in  the 
way  of  proposing  a  system,  but  I  do  not  know  with  what  success 
they  have  met.  Now,  the  New  England  Water  Works  Asso- 
ciation proposes  to  appoint  a  committee,*  and  we  hope  that 
some  good  may  come  from  our  efforts.  That  committee  will 
consist  of  Messrs.  George  A.  Stacy  of  Marlboro,  M.  F.  Collins  of 
Lawrence,  and  Lewis  M.  Bancroft  of  Reading.  I  hope  we  will 
hear  something  from  that  committee  in  the  near  future  which 
will  encourage  us  to  go  on  with  the  good  work. 

There  being  no  further  business  to  come  before  the  meeting, 
an  adjournment  was  had  to  two  o'clock. 

At  the  opening  of  the  afternoon  session  a  communication  was 
received  from  the  Deane  Steam  Pump  Company  inviting  mem- 
bers to  visit  its  works,  and  announcing  that  free  automobile 
transportation  would  be  furnished  all  those  who  desired  to  accept. 

The  first  paper  of  the  afternoon  was  by  Mr.  Albert  F.  Sick- 
man,  hydraulic  engineer,  Holyoke  Water  Power  Company, 
Holyoke,  Mass.,  giving  a  history  of  the  development  of  the  water 
power  of  Holyoke. 

Mr.  R.  C.  P.  Coggeshall,  superintendent  water  works.  New 
Bedford,  Mass.,  then  read  a  paper  entitled  "Up  to  1895  —  Some 
Reminiscences."  On  motion  of  Mr.  Joseph  E.  Beals  a  vote  of 
thanks  was  extended  to  Mr.  Coggeshall  for  his  very  interesting 
paper. 

At  the  evening  session,  Mr.  Rudolph  Hering  of  New  York 
presented  a  paper  on  "  The  Additional  Water  Supply  of  New 
York."  This  was  followed  by  a  paper  entitled  "Municipal  Water 
Supply  Revenue,"  by  James  L.  Tighe,  city  engineer,  Holyoke, 
Mass.  The  paper  was  discussed  by  Mr.  M.  N.  Baker  of  New  York, 
and  Mr.  Hugh  McLean,  water  commissioner  of  Holyoke. 

*  See  Proceedings  of  Executive  Committee,  May  19,  1904.  Journal,  September,  1904, 
p.  333. 
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Mr.  Kenneth  Allen,  engineer  and  superintendent  of  the  Atlantic 
City,  N.  J.,  Water  Department,  described  "  A  Wood-Stave  Con- 
duit for  the  Water  Supply  of  Atlantic  City."  The  subject  was 
discussed  by  Mr.  F.  L.  Fuller,  Mr.  W.  C.  Hawley,  and  others. 

Adjourned  on  motion  of  Mr.  George  A.  Stacy. 

Thursday,  September  15. 

At  the  opening  of  the  session  on  Thursday  morning  the  names 
of  the  following  applicants  for  membership  were  presented: 

For  Resident  Member.  —  Elbert  E.  Lochridge,  Springj&eld, 
Mass.,  Sanitary  Engineer  Springfield  Water  Department. 

For  Associate. —  Hays  Mfg.  Co.,  Erie,  Pa.,  manufacturers  of 
gas,  water,  and  plumbers'  supplies;  Bard  Union  Co.,  of  Norwich, 
Conn.,  manufacturers  of  the  Bard  patent  union. 

On  motion  of  Mr.  Fuller  the  Secretary  was  empowered  to  cast 
one  ballot  for  the  applicants,  which  he  did,  and  they  were  declared 
elected. 

The  next  business  in  order  was  the  appointment  of  a  committee 
to  nominate  officers  for  the  ensuing  year.  On  motion  of  Mr. 
Robert  J.  Thomas  it  was  voted  that  the  President  be  given  power 
to  appoint  a  committee  of  five. 

The  President.  A  sub-committee  of  the  Executive  Commit- 
tee was  appointed  some  time  since  to  report  to  the  full  committee 
a  list  of  names  for  honorary  membership  in  this  Association. 
That  sub-committee  has  reported,  and  the  Executive  Committee 
has  confirmed  its  action  and  now  recommends  the  election  of 
Desmond  FitzGerald  of  Brookline,  Mass. ;  Prof.  William  T.  Sedg- 
wick of  Boston;  Charles  Hermany  of  Louisville,  Ky. ;  William 
Booth  Bryan  of  London,  England;  and  J.  James  R.  Croes  of 
New  York  City,  as  honorary  members. 

Mr.  M.  F.  Collins  moved  that  the  Secretary  cast  one  ballot 
in  favor  of  the  gentlemen  named.  The  President  called  vipon 
Mr.  Charles  W.  Sherman  to  make  some  remarks,  and  Mr.  Sherman 
said: 

Mr.  Charles  W.  Sherman.  I  do  not  know  as  there  is  very 
much  for  me  to  say  at  this  time,  Mr.  President.  I  think  nearly 
all  the  gentlemen  named  are  well  known  to  members  of  the 
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Association.  All  of  them,  with  the  exception  of  Mr.  Hermany, 
are  now  active  members,  and  they  are  men  whom  we  will  do 
well  to  honor;  and  the  Association  in  honoring  them  will  honor 
itself.  Mr.  Hermany  is,  perhaps,  with  the  exception  of  Mr. 
Bryan,  less  well  known  to  us  than  the  others,  as  he  lives  in  a  more 
distant  section  of  the  country.  He  has  been  the  engineer  and 
superintendent  for  the  Louisville,  Ky.,  Water  Company  for 
many  years.  He  is  at  present  the  president  of  the  American 
Society  of  Civil  Engineers,  and  he  ranks  with  the  other  gentlemen 
whose  names  have  been  presented  as  one  of  the  eminent  hydraulic 
engineers  of  this  country.  Mr.  Bryan  is,  as  you  doubtless  know, 
the  chief  engineer  of  the  London  Metropolitan  Water  Works, 
recently  formed  to  replace  the  several  private  companies  which 
have  hitherto  furnished  water  to  that  city. 

Mr.  Collins'  motion  was  adopted,  the  Secretary  cast  the  ballot, 
and  the  gentlemen  whose  names  were  reported  by  the  committee 
were  declared  elected. 

The  first  paper  of  the  morning  was  by  Mr.  George  A.  Soper 
•of  New  York  City,  and  was  entitled  "The  Epidemic  of  Typhoid 
Pever  at  Ithaca,  New  York."  The  address  was  illustrated  by 
many  stereopticon  views.  Remarks  were  made,  following  the 
address,  by  Mr.  Frank  L.  Fuller,  Mr.  L.  M.  Hastings,  Mr.  Edward 
Atkinson,  Prof.  E.  G.  Smith,  Mr.  M.  N.  Baker,  and  President 
E.  C.  Brooks. 

At  the  afternoon  session  the  Fairbanks  Company  of  Boston, 
manufacturers  of  fire  hydrants,  gate  valves,  and  water  works 
supplies,  was  elected  to  associate  membership. 

Mr.  E.  H.  Foster,  mechanical  engineer.  New  York  City,  pre- 
sented a  paper  on  ''The  Use  of  Superheated  Steam  in  Pumping 
Engines."  Mr.  J.  Herbert  Shedd,  Mr.  Edward  Atkinson,  Mr. 
W.  C.  Hawley,  and  President  Brooks  spoke  upon  the  subject 
discussed  in  the  paper. 

"  Bog  Fuel  "  was  the  subject  of  an  address  by  Mr.  Edward 
Atkinson,  president  of  the  Boston  Manufacturers  Mutual  Fire 
Insurance  Compaijy.  At  the  conclusion  of  his  address  Mr. 
Atkinson  exhibited  samples  of  the  fuel  and  answered  questions 
asked  by  Mr.  T.  H.  McKenzie,  Mr.  Frank  L.  Fuller,  and  others. 
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Mr.  J.  Herbert  Shedd,  of  Providence,  R.  I.,  read  a  paper  on 
*'  The  Norwich  Compressed  Air  Plant."  The  discussion  of  the 
subject  was  participated  in  by  Mr.  Edward  Atkinson,  Mr.  T.  H. 
McKenzie,  Mr.  Frank  L.  Fuller,  and  Mr.  Albert  F.  Sickman. 

In  the  absence  of  the  chairman,  Mr.  Robert  J.  Thomas  sub- 
mitted an  informal  report  for  the  Committee  on  Private  Fire 
Services. 

The  Convention  adjourned  without  taking  any  action  upon  the 
report  of  the  committee. 

At  the  opening  of  the  evening  session  Mr.  Frank  E.  Merrill,  who 
had  charge  of  the  exhibits  of  associates,  made  his  report.  He 
said.  — 

Before  presenting  the  list  of  exhibitors  I  wish  to  refer  for  a 
moment  to  our  late  associate  and  friend,  Mr.  Henry  F.  Jenks, 
who  for  so  many  years  has  had  charge  of  the  exhibits  and  attended 
so  well  to  the  duties  which  I  have  this  year  been  called  upon  to 
perform.  When  our  Secretary  asked  me  recently  if  I  would 
help  him  out  in  this  matter,  he  referred  to  the  disability  of  Mr. 
Jenks;  I  thought  then  that  it  was  an  illness  of  a  temporary  nature, 
and  that  we  should  soon  see  him  about  again,  and  I  was  greatly 
shocked  when  three  days  ago  I  read  the  announcement  of  his 
death.  Mr.  Jenks  was  an  inventor  of  considerable  reputation, 
a  man  of  pleasing  personality,  and  a  member  of  this  Association 
who  has  always  endeavored  to  advance  its  interests.  He  will 
be  greatly  missed  by  us  all.  I  will  now  make  the  following 
report : 

The  following  is  a  list  of  the  exhibitors  at  the  twenty-third  annual  conven- 
tion of  the  New  England  Water  Works  Association,  at  Holvoke,  Mass., 
September  14,   15,   16,   1904. 

1.  A.  P.  Smith  Mfg.  Co.,  Newark,  N.  J.,  pipe  tapping  machinery;  stop- 
cocks and  brass  fittings. 

2.  Bard  Union  Co.,  Norwich,  Conn.,  removable  ground  brass  seat  unions 
and  flanges. 

3.  Chapman  Valve  Mfg.  Co.,  Indian  Orchard,  Mass.,  hydrants,  gates,  and 
valves. 

4.  Coffin  Valve  Co.,  Neponset,  Boston,  Mass.,  hydrants;  service  boxes. 

5.  The  Fairbanks  Co.,  Boston,  Mass.,  hydrants;  valves. 

6.  Greenwood  &  Daggett  Co.,  Boston,  Mass.,  steam  packing;  water  works 
specialties. 

7.  Hayes  Mfg.  Co.,  Erie,  Pa.,  service  boxes;  stop-cocks;  brass  fittings. 

8.  The  Hart  Packing  Co.,  Boston,  Mass.,  steam  packing. 

9.  Her.sey  Mfg.  Co.,  Boston,  Mass.,  water  meters. 
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10.  Holyoke  Valve  &  Hydrant  Co.,  Holyoke,  Mass.,  fire  hydrants. 

11.  Kennedy  Valve  Mfg.  Co.,  New  York. 

12.  Lead  Lined  Iron  Pipe  Co.,  Wakefield,  Mass.,  lead  and  tin  lined  iron 
pipe  and  fittings. 

13.  H.  Mueller  Mfg.  Co.,  Decatur,  111.,  service  tapping  machines;  stop- 
cocks; plumbers'  supplies. 

14.  National  Meter  Co.,  New  York,  water  meters. 

15.  Neptune  Meter  Co.,  New  York,  water  meters. 

16.  Norwood  Engineering  Co.,  Florence,  Mass.,  hydrants;  gate  boxes; 
valves. 

17.  Pittsburg  Meter  Co.,  East  Pittsburg,  Pa.,  water  meters. 

18.  Thomson  Meter  Co.,  New  York,  water  meters. 

19.  Union  Water  Meter  Co.,  Worcester,  Mass.,  water  meters;  pressure 
regulator  valves;  stop-cocks. 

20.  R.  D.  Wood  &  Co.,  Philadelphia,  Pa.,  hydrant;  gate;  indicator  post. 

21.  Henry  R.  Worthington,  New  York,  water  meters. 

Respectfully  submitted, 

Frank  E.  Merrill, 

In  Charge  of  Exhibits. 

Mr.  A.  M.  French,  water  commissioner,  Holyoke,  Mass.,  then 
read  a  paper  on  "  The  Holyoke  Water  Supply." 

Mr.  Herman  W.  Spooner,  engineer  of  the  Gloucester  water 
works,  was  the  next  speaker,  and  he  gave  an  informal  talk  describ- 
ing the  Haskell  Brook  Reservoir  Dam,  at  Gloucester,  illustrating 
his  description  by  a  large  number  of  stereopticon  views. 

Mr.  George  A.  King,  superintendent  of  the  water  works  at 
Taunton,  Mass.,  read  a  paper  entitled,  "The  Direct  Pumping 
Method  of  Water  Supply  in  Use  at  Taunton." 

The  report  of  the  Committee  on  Uniform  Statistics  having 
been  called  for  by  the  President,  Mr.  Joseph  E.  Beals,  chairman 
of  the  committee,  said  that  the  committee  had  held  no  formal 
meeting  during  the  year,  although  the  members  had  met  in- 
formally and  talked  the  subject  over,  and  that  all  they  had  to 
report  now  was  progress,  or,  perhaps  he  might  say,  lack  of  progress. 
He  suggested  that  something  might  be  done  the  coming  year. 
The  President  announced  that  the  committee  would  be  continued. 

The  President  said  there  was  no  more  business  to  come  before 
the  convention  at  this  time.  "  I  think,"  he  said,  "  we  may 
felicitate  ourselves  on  this  having  been  one  of  the  most  successful 
conventions  in  the  history  of  the  Association.  It  has  been  a 
great  pleasure  to  me  to  see  the  large  attendance  at  our  meetings, 
and  I  thank  you  all  very  heartily  for  your  presence  and  attention." 

On  motion  of  Mr.  Joseph  E.  Beals  the  convention  adjourned. 


PROCEEDINGS.  475- 


Friday,  September  16. 


Through  the  courtesy  of  the  Board  of  Water  Commissioners 
and  the  Business  Men's  Association  of  the  city  of  Holyoke,  the 
morning  was  devoted  to  visiting  the  famous  paper  mills  of  the 
city,  under  escort  of  members  of  the  Reception  Committee.  In 
the  afternoon  the  members  of  the  Association  and  their  guests 
were  taken  to  the  summit  of  Mt.  Tom,  where  luncheon  was  served, 
after  which  President  Brooks  called  the  company  to  order  and 
announced  the  committee  on  nominations  as  follows:  John  C. 
Chase,  of  Derry,  N.  H.;  William  E.  Maybury,  of  Braintree,  Mass.; 
George  A.  King,  of  Taunton,  Mass.;  J.  D.  Hardy,  of  Holyoke,. 
•Mass.,  and  J.  C.  Whitney  of  Newton,  Mass.     He  then  said: 

"  Gentlemen,  before  we  separate  I  want  to  say,  and  I  know 
you  will  all  agree  with  me,  that  we  feel  very  grateful  to  the  citi- 
zens of  Holyoke,  to  the  members  of  the  Business  Men's  Association 
and  to  the  Water  Board  for  what  they  have  done  for  us,  which 
has  made  our  convention  one  of  the  most  successful  that  the 
Association  has  ever  held.  I  know  that  we  will  all  go  away 
from  this  city  with  the  very  kindest  recollections." 

Mr.  Charles  W.  Sherman.  I  think  it  would  not  be  stretching 
the  truth  to  say,  Mr.  President,  that  this  has  been  the  most  suc- 
cessful convention  that  the  Association  has  ever  had.  I  know 
it  is  the  largest  in  registration,  partly  because  of  the  interest 
which  our  Holyoke  friends  have  shown  by  appearing  at  our  meet- 
ings, the  local  attendance  having  been  larger  than  ever  before 
to  my  knowledge;  but  even  without  the  Holyoke  attendance  the 
convention  has  been  one  of  the  most  largely  attended  in  our 
history,  and  it  has  been  most  satisfactory  in  every  respect.  I 
wish  to  offer  the  following  resolution: 

Voted,  That  the  thanks  of  the  New  England  Water  Works 
Association  be  extended  to  the  Reception  Committee  of  the 
citizens  of  Holyoke,  and  through  them  to  the  Mayor,  the  Board 
of  Water  Commissioners,  the  Business  Men's  Association  and  the 
other  associations,  clubs,  corporations,  and  individuals,  whose 
hospitality  and  unremitting  attention  have  so  materially  con- 
tributed to  make  this  one  of  the  most  successful  conventions 
in  its  history. 
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Me.  Frank  E.  Merrill.  Mr.  President,  I  am  glad  most 
heartily  to  second  this  motion,  and  in  doing  so  I  wish  to  express 
my  profoundest  admiration  for  the  city  of  Holyoke,  for  its  beauty, 
for  the  hospitality  of  its  officials  and  its  private  citizens,  and 
for  the  glorious  weather  which  they  have  given  us  during  our 
stay  here,  all  of  which  have  contributed  so  greatly  to  our 
pleasure. 

Mr.  August  Fels.  Mr.  President,  I  have  been  at  every  con- 
vention which  the  Association  has  held  for  the  past  nine  or  ten 
years,  and  I  never  have  enjoyed  one  as  much  as  I  have  this.  I 
was  in  Holyoke  forty  years  ago.  At  that  time  there  were  only 
one  or  two  manufacturing  concerns  here,  and  I  must  confess  my 
amazement  at  the  rapid  growth  and  development  of  the  city. 
I  wish  also  to  second  the  motion. 

The  motion  was  adopted  with  great  enthusiasm,  and  the 
President  said  he  was  sure  that  the  Holyoke  friends  could  have 
no  doubt  that  it  was  the  unanimous  vote  of  the  members  of  the 
Association  that  they  had  all  had  a  grand  time. 

Mr.  a.  M.  French.  Mr.  President,  Members  of  the  New  England 
Water  Works  Association,  Ladies  and  Gentlemen,  —  In  behalf 
of  the  Water  Department  of  Holyoke  I  return  to  you  our  most 
hearty  thanks  for  your  expression  of  appreciation.  I  have  now 
the  pleasure  to  present  to  you  the  secretary  of  the  Holyoke 
Board  of  Water  Commissioners,  Mr.  Hugh  McLean,  who  will  in 
a  somewhat  more  formal  manner  express  our  thanks  for  your  very 
kind  and  courteous  vote. 

Mr.  Hugh  McLean.  Mr.  Chairman,  Ladies  and  Gentlemen,  — 
At  this  period  of  what  has  proved  a  very  sucessful  and  enlighten- 
ing, as  well  as  entertaining,  convention,  it  would  appear  that 
any  extended  remarks  by  me  would  be  unwarranted.  My  duty 
ought  to  be,  perhaps,  to  pronounce  the  benediction,  and  wish  you 
Godspeed  and  safe  return  to  your  homes  and  vocations.  How- 
ever, I  may  be  pardoned  for  referring  to  the  high  standard  of  your 
gathering,  the  excellence  of  the  various  addresses,  and  the  in- 
centive to  further  progress  toward  perfection  in  water  supply 
that  a  gathering  of  the  nature  of  this  convention  must  be.  The 
addresses  of  our  visitors  have  been  of  a  high  order  and  instructive, 
and|the   papers   of   Commissioner   French   and   Engineer  Tighe 
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bespeak  for  themselves  the  commendation  which  they  will  surely 
receive  from  their  fellow-citizens. 

For  so  young  a  city  as  Holyoke,  we  of  her  citizenship  take 
what  we  consider  a  pardonable  pride  in  her  makeup.  Nature 
has  been  generous  to  her  in  the  matter  of  beautiful  surroundings, 
as  your  inspection  of  her,  even  in  wet  weather  garb,  and  your 
visit  to  our  delightful  old  Mt.  Tom  must  have  convinced  you. 
Industry  has  been  the  keynote  of  her  prosperity;  and  of  this 
spirit  of  industry  the  various  gentlemen  who  in  the  past  have  had 
in  charge  the  matter  of  water  supply  seem  to  have  possessed  a 
fair  share,  the  result  of  which  is  seen  to-day  in  what  we  may  claim, 
without  undue  pride,  to  be  a  source  of  local  happiness  and  satis- 
faction,—  Holyoke's  system  of  water  works. 

To  have  sprung,  in  a  half  century,  from  the  hamlet  to  the 
stirring  and  —  pardon  me  —  beautiful  city  which  Holyoke's 
sons  to-day  consider  her  is  a  circumstance  of  no  small  importance. 
Within  her  limits  municipal  problems  of  moment  have  received 
consideration  and  solution,  and  it  is  hoped  to  keep  her  in  the 
front  rank  of  those  municipalities  which  are  continually  ponder- 
ing as  to  how  public  burdens  may  be  so  adjusted  that  the 
individual  taxpayer  may  become,  what  the  Lord  loves,  "  A 
cheerful  giver." 

That  we  may  continue  in  successful  effort  I  feel  is  the  wish 
of  this  gathering,  and  ought  to  be  so;  for  no  community  in  its 
successes  makes  accomplishment  for  itself  alone,  but  becomes  as 
a  shining  light  unto  others. 

Conventions,  therefore,  like  the  one  just  closed  help  to  diffuse 
that  light  along  the  troublous  path  of  the  common  want  and 
necessity,  pure  water,  and  must  be  looked  upon  with  favor. 

In  behalf  of  the  local  Board  of  Water  Commissioners,  and  also 
of  the  community,  I  beg  to  express  our  thanks  to  the  visiting 
gentlemen  for  their  attendance,  and  to  express  the  hope  that  the 
impressions  which  you  will  carry  away  of  our  city  are  such  that 
the  memory  of  her  will  always  occupy  a  welcome  place  in  your 
recollection. 

Again  thanking  you  and  all  those  who  so  generously  contributed 
to  make  this  convention  a  successful  one,  I  wish  you  manv  more 
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^nd  hope  at  some  future  time  we  may  again  be  favored  by  your 
presence. 
Adjourned. 


November  Meeting. 

Hotel  Briinswick, 
Boston,   Mass.,   November  9,   1904. 
Edwin  C.  Brooks,  President,  in  the  chair. 
The  following  members  and  guests  were  in  attendance: 

Members. 

S.  A.  Agnew,  C.  H.  Baldwin,  L.  M.  Bancroft,  F.  A.  Barbour,  George  Bowers, 
E.  C.  Brooks,  G.  F.  Chace,  R.  C.  P.  Coggeshall,  M.  F.  Collins,  J.  W.  Crawford, 
■G.  E.  Crowell,  J.  C.  Gilbert,  A.  S.  Glover,  F.  W.  Gow,  J.  O.  Hall,  J.  D.  Hardy, 
T.  G.  Hazard,  Jr.,  D.  A.  Heffernan,  H.  G.  Holden,  J.  L.  Howard,  E.  W.  Kent, 
Willard  Kent,  G.  A.  King,  C.  F.  Knowlton,  A.  B.  Lisle,  Hugh  McLean,  D.  A. 
Makepeace,  W.  E.  Mavburv,  F.  E.  Merrill,  W.  W.  Robertson,  C.  M.  Saville, 
€.  W.  Sherman,  M.  R.  Sherrerd,  G.  H.  Snell,  J.  T.  Stevens,  T.  V.  Sullivan, 
R.  J.  Thomas,  H.  L.  Thomas,  W.  H.  Thomas,  J.  L.  Tighe,  G.  W.  Travis,  W.  H. 
Vaughn,  C.  K.  Walker,  R.  S.  Weston,  F.  I.  Winslow,  G.  E.  Win.slow.  —  46. 

Honorary  Members. 
Desmond  FitzGerald,  F.  W.  Shepperd.  —  2. 

Associates. 

Ashton  Valve  Co.,  by  C.  W.  Houghton;  Harold  L.  Bond  et  Co.,  by  Harold 
L.  Bond;  Chapman  Valve  Mfg.  Co.,  by  Edward  F.  Hughes;  Coffin  Valve 
Co.,  by  H.  L.  Weston;  Henry  A.  Desper;  Hersey  Mfg.  Co.,  by  Albert  S. 
Glover  and  H.  D.  Winton;  The  Fairbanks  Co.,  by  F.  A.  Leavitt;  Lead  Lined 
Iron  Pipe  Co.,  by  Thomas  E.  Dwyer;  Ludlow  ValVe  Mfg.  Co.,  by  H.  F.  Gould; 
National  Meter  Co.,  by  Chas.  Hl^  Baldwin  and  J.  G.  Lufkin;  Neptune  Meter 
C!o.,  by  H.  H.  Kinsey;  Perrin,  Seamans  &  Co.,  by  J.  C.  Campbell;  Pittsburg 
Meter  Co.,  by  Edwin  A.  Knowlton;  Rensselaer  Mfg.  Co.,  bv  Fred  S.  Bates; 
A.  P.  Smith  Mfg.  Co.,  by  F.  N.  Whitcomb;  Sweet  &  Dovle,  bv  H.  L.  DeWolfe; 
Union  Water  Meter  Co.,  by  F.  L.  Northrop;  R.  D.  Wood  &  Co.,  by  Wm.  F. 
Woodburn.  —  20. 

Guests. 

John  N.  Cook,  Hydraulic  Engineer,  Pater.son,  N.  J.;  Charles  A.  Maynard, 
Boston,  and  E.  F.  Mullauney,  Brookline,  Mass.  —  3. 
(Names  counted  twice.  — -  3.) 

The  following  were  elected  members: 

Resident.  —  Charles  L.  Bowker,  Brunswick,  Me.,  Superintendent 
Brunswick  Water  Works;  Edward  Atkinson,  Brookline,  Mass. 
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N  on-Resident.  —  Charles  Arthur  Hague,  New  York  City, 
engaged  in  hydraulic  and  power  work  in  connection  with  public 
water  supplies;  John  H.  Gregory,  Columbus,  Ohio,  Engineer  of 
Design  and  Principal  Assistant  Engineer  in  charge  of  construction 
of  the  improved  water  and  sewerage  systems,  Columbus,  Ohio; 
John  C.  Trautwine,  Jr.,  Philadelphia,  Pa.,  formerly  Chief  of 
the  Bureau  of  Water,  Philadelphia. 

The  Secretary  read  the  following  letter;;  from  gentlemen  who 
were  elected  honorary  members  of  the  Association  at  the  Hol- 
yoke  Convention: 

York  Harbor,  Me.,  October  .5,  1904. 
WiLL.\KD  Kent,  Esq., 

Secretary,  etc. 
Dear  Sir,  —  I  yesterday  received  your  kind  letter  of  September  29,  notify- 
ing me  of  my  election  as  an  honorary  member  of   the  New  England  Water 
Works  Association. 

It  gives  me  much  pleasure  to  accept  the  very  high  honor  which  the  Asso- 
ciation has  conferred  upon  me.  I  have  always  felt  a  deep  interest  in  every- 
thing that  concerns  the  welfare  of  this  important  and  progressive  society  and 
have  never  failed   to  benefit  from  attending  the  meetings. 

I  hope,  now  that  I  have  returned  to  Boston,  to  be  able  to  meet  the  members 
at  some  of  the  interesting  winter  meetings. 

Very  faithfully  yours, 

Desmond  FitzGerald. 

Massachusetts  Institute  of  Technology, 
Boston,  September  30,  1904. 
My  dear  Mr.  Kent,  —  I  have  before  me  your  kind  letter  of  yesterday,  in- 
forming me  of  my  election  to  honorary  membership  in  the  New  England 
Water  Works  Association.  I  have  the  honor  hereby  to  accept  the  election, 
-and  I  am  deeply  gratified  b}'  this  token  of  regard  on  the  part  of  an  organiza- 
tion of  which  I  have  long  been  proud  to  be  an  ordinary  member. 

The  only  return  that  I  can  possibly  make  to  the  Association  for  the  great 
honor  which  it  has  now  conferred  upon  me  will  be  by  furthering  its  interests 
in  every  possible  way.  Believing,  as  I  do,  that  the  great  function  of  the 
Association  is  the  bringing  together  of  men  of  similar  tastes,  engaged  in  similar 
pursuits,  for  the  sake  of  mutual  acquaintance,  perpetual  good  fellowship  and 
the  instruction  and  inspiration  which  result  from  a  collision  of  ideas,  I  pledge 
anew  to  the  Association  my  good--v\all  and  my  best  services.  The  Association 
has  done  much  already  to  safeguard  and  improve  the  water  supplies  of  New 
England.     I  believe  that  it  will  do  much  more  in  the  future. 

Will  you  kindly  convey  to  the  members  of  the  Association  my  warm  appre- 
•ciation  of  their  action,  and  my  sincere  and  respectful  thanks  for  the  honor 
they   ha^■e   conferred  upon  me. 

Very  truly  yours, 

William  T.  Sedgwick. 
To  WiLLARD  Kent,  Esq., 

Secretary  New  England  Water  ^^"orks  Association. 
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Office  of  Louisville  Water  Company, 
Louisville,  Ky.,  October  13,  1904. 
Mr.  Willard  Kent, 

Secretary   New   England    Water   Works   Association, 
715  Tremont  Temple,  Boston  Mass. 
Dear  Sir,  —  Your  favor  of  the  29th  ult.  was  received  on  the  10th  inst., 
upon  my  return  from  the  Annual  Convention  of  the  American  Society  of 
Civil   Engineers   and   the    International   Engineering   Congress.     In   it   you 
inform  me  of  my  election  as  an  honorary  member  to  the  New  England  Water 
Works  Association,  and  you  request  me  to  signify  my  acceptance  thereof. 
In  repl}'  I  state  that  I  accept  the  honorary  membership  and  thank  the 
Association  and  you  for  the  distinction  and  honor  expressed  and  implied 
by  your  action. 

Very  respectfully, 

Chas.  Hermany, 
Ch  ief  Engineer  and  Superintendent. 

Morris    BuildIng,    68    Broad   Street, 
New  York,  October  12,  1904. 
Willard  Kent,  Esq., 

Secretary  New  England  Water  Works  Association, 
Boston,  Mass. 
Dear  Sir,  —  I  beg  to  acknowledge  the  receipt  of  your  letter  of  September  29 
informing  me  that  the  New  England  Water  Works  Association  had  done  me 
the  honor  of  electing  me  an  honorary  member  of  the  Association. 

In  accepting  such  membership,  permit  me  to  express  my  high  appreciation 
of  the  honor  thus  conferred  upon  me  by  the  Association,  which  has  long  been 
looked  upon  by  me  as  the  most  thoroughly  practical  and  instructive  of  the 
various  societies  devoted  to  the  design,  construction  and  management  of  the 
important  water-supply  industry.  I  have  long  esteemed  it  a  privilege  to  be 
a  member,  and  although  I  have  rarely  been  able  to  attend  the  meetings,  the 
papers  and  discussions  published  in  the  Journal  have  often  been  of  great 
use  to  me  in  my  practice. 

Very  truly  your  obedient  ser^•ant, 

J.  J.  R.  Croes. 

The  President.  We  have  with  us  this  afternoon  one  whom 
we  have  always  delighted  to  honor  and  are  always  glad  to  meet 
at  our  meetings,  a  gentleman  of  wide  and  varied  experience  in 
water  works  engineering,  construction  and  management,  and  I 
am  sure  you  all  join  with  me  in  wishing  to  hear  a  few  words  from 
our  old  friend,  Mr.  Desmond  FitzGerald.     (Applause.) 

Mr.  FitzGerald.  Mr.  President  and  Fellow  Members,  —  It  is 
needless  for  me  to  say  that  I  am  gratified  to  be  again  among,  I 
cannot  say  the  same  old  friends,  but  very  nearly  the  same  old 
friends,  with  whom  I  have  been  associated  for  so  many  years. 
When  I  was  notified  of  the  very  great  honor  that  you  did  me 
recently  in  electing  me  an  honorary  member,  I  cast  about  in  my 
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mind  to  find  something  that  I  had  done  which  would  at  all  justify 
your  action,  but  I  could  not  find  anything  untU  it  finally  occurred 
to  me  that  honorary  members  are  generally  selected  from  among 
the  old  men;  and  I  dare  say  it  will  be  our  friend  Coggeshall's  turn 
before  long.     (Laughter.) 

It  is  just  about  two  years  ago  that  I  was  here  with  you  last, 
and  we  then  had  a  little  talk  on  Venice.  At  that  time  I  did 
not  realize  that  I  should  see  so  much  of  the  world  within 
such  a  short  time;  but  since  that  afternoon  I  have  been  in  Japan 
and  China  and  the  Phihppines  and  a  good  deal  in  California,  and 
have  seen  many  things  and  many  places  that  I  knew  little  about 
before.  It  is  gratifying  to  one  who  travels  to  find  that  the  in- 
fluence of  the  New  England  Water  Works  Association  is  not  en- 
tirely left  behind  on  leaving  Massachusetts.  In  talking  with 
people  in  different  parts  of  the  world,  when  I  have  been  told 
that  such-and-such  a  thing  was  good  in  connection  with  water 
supplies,  it  has  occurred  to  me,  Why,  I  heard  about  that  very 
thing  from  brother  so-and-so,  years  ago  at  a  meeting  of  the  New 
England  Water  Works  Association ;  and  very  often  when  matters 
have  come  up  which  required  the  exercise  of  judgment,  care,  and 
thought,  that  judgment  and  care  and  thought  have  been  very 
much  influenced  and  aided  by  what  I  have  learned  here  at  our 
meetings. 

When  I  made  up  my  mind  that  it  was  because  I  was  so  old  a 
man  that  I  had  been  elected  an  honorary  member,  I  concluded 
to  write  something.  I  hope  it  will  convince  you  that  I  am  not 
in  my  second  childhood.     (Laughter.) 

(Mr.  FitzGerald  then  read  the  following  verses,  which  were 
received  wdth  much  laughter  and  applause.) 

THE  NEW  SILVER  FAUCET. 

Dear,  dear  to  my  heart  are  the  thirsts  of  my  manhood, 

Quenched  deep  from  the  pipes  of  our  pubhc  supply; 
The  sources  protected  by  acres  of  wildwood, 

And  meadows  that  stretch  far  away  to  the  sky. 
The  long  iron  pipes  that  are  sunk  in  the  gravel 

To  gather  the  waters  all  filtered  below, 
The  engine  and  pump  —  a  high-duty  marvel  — 

And  e'en  the  bright  faucet  all  ready  to  flow, 
The  new  silver  faucet,  the  patented  faucet, 

The  self-closing  faucet  all  ready  to  flow. 
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That  silver-washed  faucet  I  think  is  a  daisy, 

For  often  at  night  when  returned  from  the  club 
It  soothes  the  wild  throbbings  and  makes  'em  feel  aisy 

And  ready  for  wifey,  —  and  that  is  the  rub. 
How  quickly  I  turn  it  with  hand  ever  wiser, 

The  service,  high  pressure,  with  screams  like  a  gale. 
Sixty  pounds  to  the  inch  and  a  spurt  like  a  geyser. 

And  of  color  .00  on  the  Nesslerized  scale. 
The  new  shining  faucet,  the  patented  faucet, 

The  dear  leaky  faucet  that  never  will  fail. 

No  germs  on  its  bright  silvered  brim  ever  prattle, 
No  strong  English  words  as  one  sinks  it  below. 
To  turn  it  at  last  with  a  dextrous  rattle 

In  thin  slippered  feet  on  the  soft,  slushy  snow; 
That  old  rotten  bucket,  that  germ  covered  bucket 

Which  scattered  its  poison  some  ages  ago,  — 
Ah,  me,  when  I  drink  from  a  well  in  the  suburb 
Where  stables  and  drains  extend  their  dark  pall, 
'  My  stomach  is  turned  all  around  in  a  hubbub 

^  And  I  dream  of  the  faucet  that  sings  in  the  hall. 

■  A  new  silver  faucet,  a  guaranteed  faucet, 

'  A  self-closing  faucet  that  leaks  in  the  hall. 

The  President.  I  hardly  tliink  that  Mr.  FitzGerald  would  be 
really  eligible  for  honorary  membership  if  age  was  a  necessary 
qualification  or  requirement. 

We  are  highly  favored  in  having  with  us  this,  afternoon  the 
president  of  our  sister  association,  the  American  Water  Works 
Association,  and  it  gives  me  great  pleasure  to  present  to  you 
President  Sherrerd. 

Mr.  Morris  R.  Sherrerd.  Mr.  President  and  Fellow  Mem- 
bers of  the  New  England  Water  Works  Association,  —  When  I 
made  up  my  mind  that  I  ought  to  come  up  to  a  meeting  of  the 
New  England  Water  Works  Association  I  had  forgotten  that  I 
was  president  of  the  American  Water  Works  Association,  and  it 
was  with  the  expectation  that  I  was  going  to  meet  a  lot  of  nice 
people  and  enjoy  a  good  quiet  dinner,  and  not  be  disturbed  by 
any  such  assault  as  your  President  has  just  made  on  me.  (Laugh- 
ter.) It  used  to  be,  when  I  first  joined  the  American  Water 
Works  Association,  that  the  New  England  Association  was  get- 
ting members  from  our  ranks.  I  have  some  hope  now  that  the 
compliment  will  be  returned,  for  we  want  the  New  England 
Association  to  be  .national  as  well  as  local.  The  New  England 
Water  Works  Association  is  certainly  to  be  congratulated  on  its 
membership,  and  the  American  Association  has  rather  followed 
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after  you  in  a  good  many  particulars.  I  would  mention  especially 
the  fact  that  we  hope  to  move  on  the  same  lines  in  regard  to 
specifications  for  cast-iron  water  pipes  and  as  to  similar  subjects, 
and  I  know  from  the  action  of  the  convention  in  St.  Louis  last 
June  that  the  inclination  was  that  on  all  such  -subjects  we 
should  work  in  harmony  with  the  New  England  Association. 
In  fact,  it  was  then  suggested  that  our  committee  consult  with 
your  committee.  Certainly,  aims  of  this  kind  are  of  particular 
advantage  to  water  works  men.  If  we  can  get  the  whole  country 
calling  for  material  on  the  same  lines,  it  will  be  of  advantage 
to  all  of  us. 

I  know  that  you  are  anxious  to  proceed  with  your  business, 
and  so  with  merely  an  expression  of  my  thanks  for  this  honor, 
I  will  allow  you  to  proceed.     (Applause.) 

The  first  paper  of  the  afternoon  was  by  Mr.  F.  M.  Bowman, 
structural  engineer,  Riter-Conley  Mfg.  Co.,  Pittsburg,  Pa., 
entitled,  "  Description  and  Test  of  the  East  Providence  Water 
Tank  and  Tower."  In  the  absence  of  Mr.  Bowman  the  paper 
was  read  by  Mr.  Francis  W.  Dean.  The  discussion  which  followed 
was  participated  in  by  Mr.  Arthur  B.  Lisle,  Mr.  Dean,  Mr.  Des- 
mond FitzGerald,  Mr.  Morris  R.  Sherrerd,  President  Brooks, 
Mr.  R.  S.  Weston,  Mr.  M.  F.  Collins,  and  Mr.  George  F.  Chace. 

The  next  paper  was  by  Mr.  Caleb  Mills  Saville,  division  engineer, 
Metropohtan  Water  Works,  Boston,  describing  "  Repairs  to  the 
Lining  of  a  Small  Reservoir  at  Chelsea,  Mass.,"  and  was  illus- 
trated by  stereoiDticon  views. 

The  report  of  the  committee  on  meter  rates  was  called  for,  but 
the  committee  were  not  ready  to  present  any  definite  conclusions 
or  recommendations.  The  general  subject  was  discussed  by 
Messrs.  Hugh  McLean,  Desmond  FitzGerald,  Morris  R.  Sher- 
rerd, Robert  J.  Thomas,  R.  C.  P.  Coggeshall,  R.  S.  Weston,  Caleb 
M.  Saville,  Frank  E.  Merrill,  and  Charles  W.  Sherman. 

On  motion  of  Mr.  FitzGerald,  adjourned. 
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EXECUTIVE  COMMITTEE. 

Tremont  Temple,  Boston, 

Friday,  August  19,  1904. 
Present:  President  Edwin  C.   Brooks  and  Messrs.  George  A. 
Stacy,  Joseph  E.  Beals,  Lewis  M.  Bancroft,   Frank  E.  Merrill, 
Charles  W.  Sherman  and  Willard  Kent. 

An  informal  discussion  was  had  on  matters  pertaining  to  the 
organization.  No  business  appearing,  meeting  was  adjourned 
without  day. 

Attest:  Willard  Kent,  Secretary. 

Convention  Hall,  Holyoke, 

September  14,  1904. 
Present:  President  Edwin  C.   Brooks  and   Messrs.    Lewis  M. 
Bancroft,  Frank  E.  Merrill,  Robert  J.  Thomas,  Joseph  E.  Beals 
and  Willard  Kent. 

Three  applications  were  received  and  the  applicants  recom- 
mended for  membership. 

The  President  appointed  the  following  committee  to  investigate 
and  report  on"  Uniformity  of  Hose  and  Hydrant  Threads,"  viz.: 
George  A.  Stacy,  Michael  F.  Collins,  and  Lewis  M.  Bancroft. 
Adjourned  without  day. 

Attest:  Willard  Kent,  Secretary. 

Convention  Hall,  Holyoke,  Mass., 

September  15,  1904,  at  7.30  p.m. 

Present:  President  Edwin  C.  Brooks,  Messrs.  Robert  J.  Thomas, 
Lewis  M.  Bancroft,  Horace  G.  Holden,  V.  C.  Hastings,  Edmund  W. 
Kent,  Charles  W.  Sherman,  George  A.  Stacy,  Joseph  E.  Beals, 
and  Willard  Kent. 

The  sub-committee  on  honorary  members,  Charles  W.  Sher- 
man, Horace  G.  Holden  and  Willard  Kent,  reported,  recommending 
Desmond  FitzGerald,  J.  James  R.  Croes,  Prof.  Wm.  T.  Sedgwick, 
Charles  Hermany  and  Wm.  Booth  Bryan  for  honorary  member- 
ship; and  the  recotnmendation  was  approved  by  vote  of  the 
Executive  Committee. 
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One  application  for  associate  membership  was  received  and 
approved. 
Adjourned. 

Attest:  WiLLARD  Kent,  Secretary, 

Tremont  Temple,  Boston,  Mass., 

Wednesday,  November  9,  1904. 
Present:  President  Edwin  C.  Brooks  and  Messrs.  Charles  W. 
Sherman,  Robert  J.  Thomas,  Frank  E.  Merrill,  Lewis  M.  Ban- 
croft, George  E.  Crowell,  H.  G.  Holden  and  Willard  Kent. 

Five  applications  for  membership  were  received  and  approved. 
Report  of  Committee  on  Music  recommending  that  no  change 
be  made  at  the  present  time  was  received  and  approved. 

Letters    of    acceptance    from    Messrs.    Desmond    FitzGerald, 
William  T.  Sedgwick,  J.  J.  R.  Croes,  and  Charles  Hermany,  recently 
elected  honorary  members  of  the  Association,  were  read. 
Adjourned. 

Attest:  Willard  Kent,  Secretary. 
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Dennis  Woodruff  Clark,  president  of  the  Portland,  Me.^ 
Water  Company  since  1873,  died  in  that  city  on  April  18,  1904. 

Mr.  Clark  was  born  in  Farmington,  Conn.,,  on  May  27,  1819. 
He  was  descended  from  distinguished  ancestry  of  colonial  times. 
He  first  engaged  in  business  at  Buckingham,  Iowa,  but  in  1840 
he  removed  to  Platteville,  Wis.,  where  he  went  into  the  mining 
and  mercantile  business.  In  1852,  he  engaged  in  trade  in  Sacra- 
mento, Cal.,  under  the  firm  name  of  Gill,  Clark  &  Co.  In  1854, 
he  went  to  Portland,  Me.,  and  engaged  in  the  ice  business,  founds 
ing  the  business  now  conducted  by  the  D.  W.  Clark  Ice  Company, 
Mr.  Clark  was  treasurer  of  the  Leeds  &  Farmington  Railroad, 
before  that  road  was  sold  to  the  Maine  Central,  and  for  seven 
years  was  a  director  of  the  Portland  &  Ogdensburg  Railroad. 
In  addition  to  the  Portland  Water  Company,  he  was  also  President 
of  the  Biddeford  &  Saco  Water  Company  and  of  the  Standish 
Water  and  Construction  Company.  He  had  been  for  many  years 
a  prominent  member  of  the  State  Street  Congregational  Church. 
In  politics  he  had  been  successively  a  Whig,  a  Free-soiler,  and  a 
Republican,  but  he  never  accepted  or  aspired  to  public  office. 

Mr.  Clark  was  elected  a  member  of  the  New  England  Water 
Works  Association  on  June  12,   1890. 


KiLBURN  Smith  Sweet,  instructor  in  civil  engineering  at  the 
Massachusetts  Institute  of  Technology,  died  on  July  15,  1904. 

Mr.  Sweet  was  born  in  Ramsey,  Minn.,  February  25,  1872.  He 
was  graduated  at  the  Institute  in  1893,  and  was  an  assistant  and 
instructor  in  civil  engineering  there  from  graduation  until  his 
death.  During  the  summer  vacations  he  had  been  engaged  upon 
various  professional  work,  including  work  for  the  Associated 
Factory  Mutual  Insurance  Companies,  the  Metropolitan  Water 
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and  Sewerage  Board,  the  Committee  on  Additional  Water  Supply 
for  the  City  of  New  York,,  and  the  U.  S.  Geological  Survey. 

He  was  elected  a  member  of  the  New  England  Water  Work's 
Association  on  March  11,  1903. 


Reuben  Shirreffs,  hydraulic  engineer  of  the  Great  Falls 
Power  Company,  Washington,  D.  C,  died  on  August  31,  1904. 

Mr.  Shirreffs  was  born  in  1852,  and  began  his  prof essional  work 
as  a  student  with  Clemens  Herschel,  civil  engineer,  in  1872.  Later 
he  was  engaged  on  the  Sudbury  aqueduct  of  the  Boston  Water 
Works,  the  Chicago,  Burlington  &  Quincy  Railroad,  the  Holyoke. 
Water  Power  Company,  the  Richmond  &  Allegheny  Railroad,  the 
East  Jersey  Water  Company,  the  Metropolitan  Water  Works,  and 
the  Virginia  Electric  Railway  and  Development  Company. 

He  was  elected  to  membership  in  this  Association  on  March  12,. 
1890. 


Henry  F.  Jenks,  widely  known  as  an  inventor  and  manu- 
facturer, died  at  his  home  in  Pa'wtucket,  R.  I.,  on  September  11^ 
1904.  ! 

Mr.  Jenks  was  born  in  Pawtucket  on  May  12,  1837.  ■  He 
received  his  education  in  the  Pawtucket  schools.  After  learning 
his  trade,  he  entered  the  employ  of  the  Hope  Iron  Works,  Provi- 
dence, in  the  construction  of  engraving  machinery.  He  served 
through  the  Civil  War  as  captain  of  Company  H,  Ninth  Rhode 
Island  Volunteers.  At  the  close  of  the  war  he  returned  tO'  the 
Hope  Iron  Works  as  superintendent  of  a  department.  In  1869 
he  took  charge  of  the  shop  in  Pawtucket  established  to  manu- 
facture the  window  spring  of  his  invention,  and  in  this  work  and 
the  manufacture  of  other  inventions  of  his  own  he  was  engaged 
to  thfe  time  of  his  death.  He  was  probably  best  known  to  the 
Association  as  maker  of  the  well-known  Jenks  drinking  fountain. 
For  many  years  he  had  been  in  charge  of  the  exhibits  at  the 
annual  conventions. 

He  was  elected  an  associate  of  the  New  England  Water  Works 
Association  on  April  21,  1885.  ,  - 
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Col,  Alexander  Macomb  Miller,  Corps  of  Engineers, 
U.  S.  Army,  in  charge  of  the  Washington  Aqueduct  and  of  the 
works  for  the  purification  of  the  Washington  water  supply,  died 
on  September  14,  1904,  while  on  a  tour  of  inspection  of  the  works 
under  his  charge. 

Colonel  Miller  was  born  in  the  District  of  Columbia,  November 
1,  1843.  He  was  graduated  from  the  U.  S.  Military  Academy 
and  became  first  lieutenant  in  the  Corps  of  Engineers  in  1865, 
and  passed  through  all  the  intermediate  grades  to  that  of  colonel. 
His  service  included  fortification  work,  harbor  improvements 
•on  Lakes  Superior  and  Michigan,  four  years  as  principal  assist- 
ant professor  of  engineering  at  the  Military  Academy,  six  years 
in  command  of  the  Engineer  Company  at  Willets  Point,  river 
and  harbor  improvement  work  on  the  Mississippi  River  and  in  the 
•Gulf  States,  and,  from  1898  to  his  death,  in  charge  of  the  main- 
tenance and  improvement  of  the  Washington  water  supply. 

He  became  a  member  of  this  Association  on  November  14,  1900. 


George  Peters  Wescott,  treasurer  and  manager  of  the 
Portland  (Maine)  Water  Company  since  1877,  died  in  that  city 
on  October  22,  1904. 

Mr.  Wescott  was  born  at  Bluehill,  Me.,  on  December  24,  1842. 
As  a  young  man  he  went  to  California,  and  remained  there,  mostly 
in  government  service,  until  1866,  when  he  came  to  Portland, 
and  entered  into  business  with  his  father  under  the  firm  name 
of  Joseph  Wescott  &  Son,  granite  contractors.  In  1869  and  1870 
he  was  an  alderman  and  in  1873  mayor  of  Portland,  and  he  was 
A  state  senator  from  1883  to  1886.  He  was  a  member  and  ex- 
president  of  the  Portland  Board  of  Trade,  vice-president  of  the 
Casco  National  Bank,  director  of  the  Maine  Central  Railroad, 
treasurer  of  the  Standish  Water  and  Construction  Company, 
director  of  the  Portland  National  Bank,  president  of  the  Kennebec 
Light  and  Heat  Company,  and  of  the  York  Light  and  Heat  Com- 
pany, and  a  director  in  many  other  enterprises. 

Members  of  the  Association  who  attended  either  of  the  Portland 
conventions  will  not  soon  forget  the  prominent  part  taken  by 
Mr.  Wescott  in  the  entertainment  of  the  Association. 
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He  became  a  member  of  the  New  England  Water  Works  Asso- 
ciation on  June  16,  1886. 


Thomas  Messinger  Drown,  president  of  Lehigh  University, 
died  at  Bethlehem,  Pa.,  on  November  16,  1904. 

Dr.  Drown  was  born  March  19,  1842,  in  Philadelphia,  and  re- 
ceived the  degree  of  M.D.  from  the  University  of  Pennsylvania  in 
1862.  After  practicing  medicine  a  short  time  he  turned  his  attention 
to  chemistry  and  metallurgy,  and  studied  at  Yale  and  Harvard  and 
in  Germany.  Upon  his  return  to  this  country  he  became  instructor 
at  Harvard,  but  after  a  year  went  to  Philadelphia  where  he  prac- 
ticed as  an  analytical  chemist  from  1870  to  1874.  He  was  then 
professor  of  chemistry  at  Lafayette  College,  but  resigned  this  posi- 
tion in  1881  to  devote  himself  to  his  work  as  secretary  of  the  Amer- 
ican Institute  of  Mining  Engineers.  In  1885  he  became  pro- 
fessor of  chemistry  at  the  Massachusetts  Institute  of  Technology, 
and  in  1889,  in  addition,  chemist  of  the  Massachusetts  State 
Board  of  Health,  and  as  such  had  a  very  important  part  in  the 
investigation  of  water  supplies  and  the  studies  of  purification  of 
sewage  and  water  which  are  so  well  known.  In  1895  he  became 
the  president  of  Lehigh  University,  and  in  the  same  year  the 
degree  of  LL.D.  was  conferred  upon  him  by  Columbia  University. 

Dr.  Drown  became  a  member  of  this  association  on  June  13, 
1888. 
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BOOK   NOTICE. 

"  Examination  of  Waters  and  Water  Supplies."  By  John  C.  Thresh. 
Cloth.  8vo.'  '460  pages,  19  plates,  19  tables,  13  illustrations  in  text.  P. 
Blakiston's  Son  &  Company,  Philadelphia,  1904.     Price  $4. 

'  This  treatise  by  Dr.  Thresh  is  the  first  English  work  published  which  dis- 
cusses thorouglily  the  character  of  water,  and  at  the  same  time  describes  more 
or  less  completely  the  general  problems  of  water  supply  from  the  sanitary 
standpoint.  ' 

The  book  is  divided  into  three  parts,  viz.: 

Part  1.  The  examination  of  the  sources  from  which  water  is 

■derived. 
Part  2.  Various  methods  of  examining  water  and  the  interpreta- 
tion of  the  results. 
Part  3.  Analytical  processes  and  methods  of  examination. 

Thei'e  is  also  an  appendix  containing  data  for  the  preparation  of  reagents 
and  media;  various  analytical  tables;  several  pages  of  notes  on  various 
subjects,  such  as  the  detection  of  radium  in  waters,  the  value  of  systematical 
examinations  of  public  supplies,  and  the  question  of  standards.  (The  excel- 
lent microscopic  drawings  precede  the  appendix,  and  an  excellent  index 
completes  the  book.) 

From  the  beginning  the  author  recognizes  the  importance  of  .the  sanitary 
inspection  of  water  supplies;  perhaps  he  gives  too  much  weight  to  this  part 
of  the  general  method  for  determining  the  character  of  a  water.  Much  of  the 
matter  in  the  first  five  chapters,  taken  from  engineering  sources,  would  be 
found  useful  to  the  chemist,  the  engineer  and  the  health  officer.  In  general  the 
book  IS  written  in  a  common-sense  way.  It  is  a  record  of  the  author's  wide 
experience,  therefore  it  is  particularly  adaptedto  English  readers.  It  treats 
rather  of  practice  than  principles. 

In  the  chapter  on  the  interpretation  of  analytical  results,  the  author 
expresses  views  which  are  generally  in  accord  with  those  held  in  this 
country.  He  is  to  be  cooimended  for  disapproving  of  all  water  of  objec- 
tional  appearance;  but  criticism  might  be  made  of  the  statement  that 
yellow  colored  waters  are  more  likely  to  be  impure  than  others. 

It  is  unusual  and  gratifying  in  an  English  work  to  find  such  wide  references 
to  the  world's  literature.  Indeed,  the  volume  has  been  brought  up  to  date 
in  a  remarkable  way. 

The  author  makes  little  or  no  mention  of  aeration  as  a  means  of  odor 
removal,  although  he  mentions  filtration  in  this  connection. 

He  is  the  first  English  author  to  recognize  the  importance  of  microscopical 
examination  of  water,  and  has  included  a  description  of  the  recent  work 
which  has  been  done  by  Dr.  Kemna  at  Antwerp  on  the  biology  of  filtration. 

The  methods  of  water  analysis  described  are,  in  general,  in  accord  with  those 
used  in  the  best  laboratories  of  the  world.  The  judicial  treatment  of  most 
of  the  subjects  is  to  be  commended.  It  might  be  asked  by  some  why  the 
author  recommends  the  expensive  tintometer  for  the  determination  of  color, 
instead  of  the  comparatively  inexpensive  platinum-cobalt  solution  of  Hazen. 
Again,  the  author  advises  the  expression  of  the  degree  of  turbidity  by  the  use  of 
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adjectives,  which  of  course  mean  nothing  to  an  engineer.  The  Anthony 
turbidimeter  ^  is  described,  to  be  sure,  but  it  cannot  be  called  "  the  most  accu- 
rate yet  devised,"  nor  is  the  relation  between  its  results  and  the  amount  of 
suspended  matter  contained  in  natural  waters  known. 

The  author  advises  the  analyst  to  Nesslerize  each  portion  of  the  ammo 
nia  distillate  as  it  comes  from  the  still.  This  method  has  long  since 
been  abandoned  in  this  country,  where  the  Nesslerized  distillates  are  com- 
pared with  Nesslerized  standards,  all  under  the  same  conditions  of 
temperature,  time,  etc.  The  author  is  to  be  praised  for  including  the 
new  methods  for  determining  the  plumbo-solvency  of  waters.  The  descrip- 
tion of  the  hardness  method  does  not  go  into  vagaries,  and  does  not  attempt 
to  make  results  indicate  more  than  is  warranted,  and  the  discussion  of  the 
methods  for  determining  nitrogen  as  nitrates  is  the  best  we  have  seen.  The 
methods  given  for  the  determination  of  poisonous  metals,  however,  are  rather 
crude,  but  so  they  are  in  all  text-books.  The  bacteriological  methods  are 
carefully  described. 

While  the  book  is  especially  adapted  to  English  readers,  it  should  have  a 
wide  circulation,  as  it  is  a  fair,  able  and  common-sense  treatise  on  the  subject. 


1  JouRN.\L.  N.  E.  W.  W.  Assn.,  vol.  16,  p.  256. 
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96,  disc  96,  97.  V  6  No  2  Dec  91. 
Haskell,   }.    C.      Exterm.i nation   of   alg^   by   kerosene   fire   on    pond 
bottom.,  Lynn,  Mass.      64,  V  10  No  i  Sept  95. 
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Hill,  W.  R.  Method  of  removing  organisms  from  water  in  distributing 
reservoir  of  Syracuse,  N  Y.  111.  213-216,  disc  216-229,  ^  ^4 
No  3  Mar  00. 

HoLLis,  F.  S.,  and  Parker,  H.  N.  Chlamydomonas  in  Spot  pond, 
Middlesex  Fells,  Met   Water  Works.       Diags.       26-29,   disc   30.   31, 

V  14  No  I  Sept  99. 

Alger,  Mayor   Alphaeus    R.      Address   to  N  E  W  W  A,  14   Jan  91.    102, 

V  5  No  3  Mar  91. 

Allegheny  river.     Knowles,  Morris.   Analyses  of  samples  from  Brilliant, 

Pittsburgh,  Pa.      179-181,  V  15  No  2  Dec  00. 
Allen,  Charles  A.     Novel  way  of  placing  a  bridge  in  position  (Worcester). 

197,  198.  V  3  No  4  June  89. 
AUis  pumping  engine. 

Reynolds,  I.  H.      172-200,  disc  200-205,  V  13  No  3  Mar  99. 
De.-\x,  F.  W.     Triple  expansion.     Ills.  98,  V  8  No  2  Dec  93- 
Allis,  Solon  M. 

Breaking   of    pipes:    experience,    Maiden,    ]Mass.      274,    V    11    No    3 

Mar  97. 
Cement  pipes:  disc.     55,  V  5  No  i  Sept  90. 

Economy  in  water- works  management.      161-163,  V  6  No  4   June  92. 
Erosion  on  the  Pacific  slope.      158-161,  V  3  No  4  Jtane  89. 
Experiences  in  the  arid  Southwest  (Arizona).     Map.     261-269,  ^  12 

No  4  June  98. 
House  inspection  of  fixtures:  disc.      34-37,  V  6  No  i  Sept  91. 
Maiden,  Mass,  pipe  system.      164-165,  V  5  No  4  June  gi. 
Relaying  mains,  Maiden,  Mass.     79;  80,  V  5,  No  2  Dec  90. 
Size  of  main  pipes:  disc.      18-25,  V  5  No  i  Sept  go. 
Water  supply  sources:  disc.      131-133,  V  6  No  3  Mar  92. 
Altoona,    Pa.     Knight,    C.    W.     Reservoirs    and    fioodwater    channel. 
151-162,  V  14  No  2  Dec  gg. 
Plan  of  Kittanning  point.      97,  V  14  No  2  Dec  99. 
Alum. 

Hazen,  Allen.     An   agent   in    removal   of  color  from  peaty   water. 

33,  34,  V  12  No  I  Sept  g7. 
SwARTS,  G.  T.     Use  in  filtration.     6-0,  V  13  No  i  Sept  98. 
Alum  and  iron  salts  as  water  sterilizers.     Drown,  Prof  T.  M.     gS,    V  5 

No  2  Dec  90. 
Alumina,  sulphate  of,  for  purification  of  water  supplies.     Weston,  E.  B. 

333-353,  disc  354-362,  V  14  No  4  June  00. 
American  covered  reservoirs.     Coffin,  F.  C.     254-261,  V  14  No  3  Mar  00. 
American  Water  Works  Assn. 

Presents  gavel  to  N  E  W  W  A,  12  June  89.  6,  V  4  No  i  Sept  89. 
Joint   meeting  with    N  E  W  W   A,  21    Apr  85,  Boston.      Procs    170- 
225  trans  85. 
Anabaena  in  water.     Weston,   R.  S.,  and  others.     27,  V  13  No    i   Sept 
98. 
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Analysis  of  water. 

Collins,  M.  F.  Bacterial  efficiency  of  the  Lawrence  filter.  294,  V  17 
No  3  Sept  03. 

Drown,  Prof  T.  M.     Analysis  of  water:  chemical,  microscopical,  bac- 
teriological.    79-91,  V  4  No  2  Dec  89. 
Hardness  of  water:  disc.  135,  V  6  No  3  Mar  92. 

GooDNOUGH,  X.  H.  Some  results  of  systematic  examination  of 
public  water  supplies.     65-78,  disc.  78-81,  V  14  No  i  Sept  99. 

Hazen,  Allen.  The  physical  properties  of  water.  Ills.  21-27, 
disc  2  7-3 1 ,  V  1 7  No  I  Mar  03 . 

HoLLis,  F.  S.  Methods  for  the  determination  of  color  and  the  rela- 
tion of  the  color  to  the  character  of  the  water.  Diags.  94-111, 
disc  111-118,  V  13  No  2  Dec  98. 

Sedgwick,  Prof  W.  T.  Biological  examination  of  water.  7-14-  V2 
No  4  June  88. 

Organisms  which  cause  unpleasant  tastes  and  odors  in  water  sup- 
plies.    54-64,  V  14  No  I  Sept  99. 
Recent   progress   in   biological  water  analj^sis.      Diag.      50-55,   disc 
56-64,  V4  No  I  Sept  89. 

Stearns,  F.  P.     Bacteria,  typhoid:  remarks.     22-25,  V  2  No  4  June  88. 
Chemical  analysis  of  water.      16,  17,  26, V2  No  3  Mar  88. 
Effect  of  storage  on  quality  of  water.      11 5-1 25,  V  5  No  3  Mar  91. 

Weston,  R.  S.     Occurrence  of  cristatella  in  the  storage  reservoir  at 
Henderson,  N.  C.      Map  and  diags.      20-26,  disc  27-29,  V  13  No  1 
Sept  98. 

Whipple.  G.  C.     Growth  of  organisms  in  Boston  water  pipes.     Diags 
and  tables.      1-17,  disc  17-19,  V  12  No  i  Sept  97. 
The  microscopy  of  drinking  water:  reviewed  by  Prof  W.  T.    Sedg- 
wick.    59-62,  V  14  No  I  Sept  99. 
Raphidomonas  (infusorian)  in  Lynn  water.      Ill  and  disc.      348-357, 

V  II  No  4  June  97. 
Temperature  of  surface  waters  and  its  effect  on  growth  of  micro- 
organisms.     Diags.      202-216,  disc  216-222,  V  9  No  4  June  95. 

Whipple,  G.  C,  and  Jackson,  D.  D.  Asterionella,  its  biology,  chem- 
istry,  and    effect    on   water   supplies.      Diags.       1-23,    disc    23-25, 

V  14  No  I  Sept  99. 

WiNSLOw,  C.-E.  A.     459-477,  disc  477-482,  V  15  No  6  Dec  01. 
Anchor  ice. 

Coggeshall,  R.  C.  p.     Anchor  ice.      265-275,  disc  275-277,  V  10  No 

4  June   96. 
Hale,    R.    A.      Experience   with    anchor   ice,    Lawrence,    Mass.      275, 

V  10  No  4  June  96. 

Richards,   W.    H.     Experience   in   anchor  ice.   New  London,   Conn. 

275,  V  10  No  4  June  96. 
Seymour,  C.  W.    S.     Anchor    ice    and    a    recording    pressure    gage: 

experience   (Hingham,  Mass).      223-225,  V  9  No  4  June  95. 
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Sparks,  H.  T.      Experience  with  anchor  ice.      276,  V  10  No  4  June  96. 
Annual  Conventions  N  E  W  W  A.     See  N  E  W  W  A  Meetings. 
Anthony,    Charles,    Jr.     Turbidimeter.     Diag.     256-259,    disc    259-262, 

V  16  No  4  Dec  02. 
Aqueducts. 

Denton,  Prof  J.  E.      Note  of  lecture  on  Croton  aqtieduct,    N.  Y.      12, 

13,  V  3  No  I  Sept  88. 
FitzGerald,  Desmond.      Description  of  Croton  acjueduct,  N.  Y.      106- 

108,  V  II  No  I  Sept  96. 

Visit  to  Croton  aqueduct,  N.  Y.      161,  162,  V  3  No  4  June  89. 
Fteley,  a.     Note  of  address  on  Croton  aquedtict,  N.  Y.      16,  V  5  No 

I    Sept    90. 
NoYES,  A.   F.      Nashua-Sudbury:  cross  section  diagrams.      127,   V  10 

No  2  Dec  95. 
Arid  Southwest  (Arizona).     Allis,  S.  M.     Experiences  in  the.     261-269, 

V  12  No  4  June  98. 

Arizona.     Allis,  S.  M.     Experiences  in  the  arid  Southwest:  map.     261- 

269,  V  12  No  4  June  98. 
Arnold,  Col  Olney.     Verses  at  Amer  W  W  A  &  N    E  W  W  A  dinner,    2 1 

Apr  85       215-219,  trans  85. 
Artesian  well  experiment  at  Taunton.     Chace,  G.  F.     221-223,  disc  223, 

224,  V  4  No  4  June  qo. 
Ashland,   Wis.     Wheeler,    William.     Covered   sand   filter;    diags   and 

tables.     301-327,  disc  327-329,  V  11  No  4  June  97. 
Ashland  basin.  No  4,  Boston.     Learned,  W.    F.     Description,  and  mix- 
ing and  handhng  concrete.     Diags.      3-8,  disc  8-1 1,  V  2  No  2  Dec  87. 
Asiatic  cholera.     Sedgwick,  Prof  W.  T.     Epidemic  from  London    water 

supply.      322-326,  V  15  No  4  June  01. 
Assessment  and  collection  of  water   rates:    methods.     Crandall,    F.    H. 

133-143,  disc  143-150,  V  14  No  2  Dec  09. 
Association  of  Engineers  solicit  co-operation  of  N  E  W  W  A.     Letter  of 

John  C.  Trautwine,  Jr.      137-139,  V  9  No  3  Mar  95. 
Asterionella. 

Forbes,  F.  F.     Effect  on  water.     92,  93,  V  6  No  2  Dec  91. 

In  Brookline  and  Waltham  reservoirs.     25,  26,  V  11  No  i  Sept  96. 
Whipple,  G.  C,  and  Jackson,  D.  D.     Biology,  chemistry  and  effect 

on  water  supplies.      1-23,  disc  23-25,  V  14  No  i  Sept  99. 

In  deep  and  shallow  ponds,  distribution  chart.      214,  V  9  No  3  June 
')5- 
Astoria  gravity  stave  pipe  line.     Adams,  A.  L.     Los  Angeles  Water  Co. 

111.      253,  V  13  No  4  June  99. 
Atkinson,    Edward. 

Fuel:  what    we    doi,i't    know    aboitt    it.      180-195,  *3isc  195-200,  V  17 

No  2  June  03. 
Relation  of  water-works  engineers    to    the    fire    service    of    factories. 

58-63,  disc  63-83,  V  17  No  I  Mar  03. 
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Atlantic  City,  N  J,  Water  Works  Co.  Hawley,  W.  C.  Rotary  and  cKsc 
meter  system  results.      Diags.      111-119,  V  12  No  2  Dec  97. 

Atlantic  Highlands,  N  J.  Bassett,  C.  P.  High  and  low  service  stand- 
pipe.      Diags.      215-219,  V  7  No  4  June  93. 

Automatic  sprinkler  regulations.  National  Fire  Protection  Association. 
Crosby,  E.  U.      103-109,  V  15  No  2  Dec  00. 

Ayres,  John  O.  Portsrnouth  Water  Works,  N  H.  67-69,  disc  69,  70, 
V  13  No  I  vSept  98. 

Babcock,  Stephen  E. 

Aeration  of  water  supplies  by  natvtral  canals  and  low   dams.      35-43, 

disc  43,  44,  V  3  No  I  Sept  88. 
Use  of  relief  or   safety   valves    in    water- works    distribution   systems. 
57-63,  V  3  No  I  Sept  88. 
Bachelder  hydrant  for  Boston  salt  water  fire  system.     McInnes,    F.    A. 

Diags.      308-313,  V  13  No  4  Jtme  99. 
Back  filhng  trenches. 

Fuller,  F.  L.      171-173,  V  6  No  4  June  92. 
GowiNG,  E.  H.      173-177,  disc  177,  188,  V  12  No  3  Mar  98. 
Hammatt,  E.  a.  W.      160-165,  disc  166-172,  V  12  No  3  Mar  98. 
Richards,  W.  H.      50,  trans  84. 
Bacteria. 

Drown,  Prof  T.  M.      Elimination  by  freezing.      46-52,  V  8  No  i    Sept 

93- 
Dunham,   Dr   E.   K.      Statistics  of  bacteria  in  Avater  abotat     Boston, 

Mass.      14-19,  V  2  No  4  June  88. 
FitzGerald,  D.     Typhoid.      19-21,  disc  21,  22,  V  2  No  4  Jvme  88. 
Haskell,  J.    C.      In   surface  waters   of  Mass.       80-84,    V    13  No    2 

Dec  98. 
Sedgwick,  Prof  W.  T.     Biological  examination  of  water.     7-14.  V   2 

No  4  June  88. 
Smith,  Dr  T.      Water  borne  diseases.      203-214,  disc  214-225,    V   10 

No  4  June  96.  - 

Stearns,  F.  P.     Typhoid.      22-25,  V  2  No  4  June  88. 
SwARTS,  Dr  G.  T.      Decrease  with  sedimentation.      13,  14,  V  13    No  i 

Sept  98. 
Bacterial  analysis  of  water.     Wheeler,  William.     From  A.shland,  Wis., 

covered  sand  filter:    tables.     320—325,  V  11  No  4  Jime  97. 
Bacterial  purification  of  sewage.     Kinnicutt,    L.    P.     Diags.      119-141, 

disc   142-147,  V   15  No  2  Dec  00. 
Bacteriological  analysis  of  water. 

Drown,  Prof  T.  M.     79-91,  V  4  No  2  Dec  89. 

WiNSLOw,    C.-E.  A.      Its  interpretation.     459-477,  disc  477-482,  V  15 

No  6  Dec  01. 
Bacteriology.     vSedgwick,    Prof    W.    T.     Influence    on    the    theory  of 

filtration.      334,  V  15  No  4  June  01. 
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Badges,  N  E  W  W  A.     5^^  N  E  W  W  A,  Committee  on  badges. 
Baerman,  P.  H.     Cast-iron  pipe    (Phila    Engs    Club    4    Mar  82).      159, 

trans  85. 
Bailey,  George  I. 

Albany  N  Y,  filtration  plant:  disc.     329-332,  V  14  No  4  June  00. 
Care  of  fire  hydrants  in  winter.     Ills,  tables.      11 6- 123,  V   14  No   2 

Dec  99. 
Effect  of  water  meters  on    consumption    in    large    cities:    statistics. 
3SI-.S59.  V  15  No  4  June  01. 
Baker,  M.  N.      Uniformity  in  municipal  water- works  reports.      189-192, 

V  15  No  2  Dec  00. 

Baldwin,  Charles  H.     Meters  as  detectors  of  waste  and  leakage.      34,  35, 

trans  S3. 
Ball,  Phinehas. 

Furnishing  water  power  for    motors    from    mtmicipal    water    supply: 

disc.      155,  156,  V  6  No  4  June  92. 
Laying  pipe  across  Chicopee,  Springfield,  and  Quinnipiac,  New  Haven. 

136,  V  5  No  3  Mar  91. 
Meter  rates:  disc.     41-46,  trans  83. 
Rainfall:  disc.    50,  51,  V  i  No  i  Sept  86. 
Sand  blast,  experience.      158,  V  3  No  4  June  89. 
Soils  from  which  water  supplies  may  be  drawn  by  filter  galleries  or 

driven  wells.      29-32,  disc  ^^,  34,  V3  No  i  Sept  88. 
Died  19  Dec  94.     Obituary  189,  V  9  No  3  Mar  95. 
Bancroft,  Lewis  M. 

Iron  removal  plant  (Reading  Mass).     Diags and  tables.      294-300,  V  11 

No  4  June  97. 
Treasurer  N  E  W  W  A.     293-295,  V  15  No  3,  Mar  01.     See  NEW 
W  .A,  financial  statements. 
Bancroft,  Hon  W.  A.     Address  to  N  E  W  W  A,    14  Mar   94.      167-170, 

V  8  No  4  June  94. 

Barbour,  William  S.     Died  24  Feb  89.     Obituary  143,  V  3  No  3  Mar  89. 

Resolutions  of  N  E  W  W  A  on  death.      148,  149,  V  3  No  4  June  89. 
BarruS,  George  H. 

Calorific  determination  of  the  value  of  fuel.      Ills  of  apparatus.     48- 

51,  disc  51-54,  V  10  No  I  Sept  95. 
Economy  in  pumping  engines   as   based   on   latest   accomplishments. 

163-170,  disc  170,  171,  V  13  No  3  Mar  99. 
Electrical  power  for  pumping  plant.      195-197,  V  10  No  3  Mar  96. 
Basin   and  well   covering   of  Waltham  Water  Works.     Johnson,  F.  P. 

Diags.      120-122,  disc  123-129,  V  8  No  3  Mar  94. 
Bassett,  Carroll  P.     High  and  low    service    standpipe,  Atlantic    High- 
lands, N  J,  Water  .Co.     Diags.      215-219,  V  7  No  4  June  93. 
Batchelder,  George  E.,  Pres   N  E  W  W  A. 

Address  14  June  94.      6-8,  V  9  No   i   Sept  94. 

Died   12  Mar  99.      Obitviary  349,  V  13  No  4  June  99. 
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Battles,  James  Monroe.     Died  8  June  01.     Obituary  455,  456,  V  15  No 

5    Se]it    01. 
Bayles,  James  C. 

Filtration  of  water  supplies.      41,  42,  V  5  No  i  vSept  90. 

Membership  status  changed:  letter.      17,  18,  V  5  Xo  i  Sept  90. 
Beach,  Rev.  D.  N.     Water  in  some  of  its  higher  relations  (geological  and 

political).      133-142,  V  3  No  3  Mar  89. 
Beals,  Joseph  E. 

Back  tilling  trenches:  experience.      181-183,  V  12  No  3  Mar  98. 

How  we  painted  our  reservoir  or  standpipe   (Middleboro).      157-158, 

V  3  No  4  June  89. 

Service  pipes:  disc.     23-25,  V  6  No  i  Sept  91. 
Sinking  funds:  experience.      107-109,  V  12  No  2  Dec  97. 
Bell  and   spigot   cast-iron    pipe:  standard    weights    and  pressures    sug- 
gested by  foundry  committee.    Table.     366,  V  16  No  4  Dec  02. 
Bell  end  of  water  pipe. 

Should  it  be  cast  bell  down:  disc.      18-21,  V  7   No   i   Sept  92. 
Brackett,  D.      Pipe  coating  and  casting.      79,  V  8  No  2  Dec  93. 
Belleville,  Paris.      Swan,    C.  H.      Covered    reservoir.       52,    V    3    No   i 

Sept    88. 
Bellows  pumps  described.     37,  V  i  No  i  Sept  86. 
Bells,  Depth  of.     Disc.      94-105,  trans  85. 

Hill,  "W.  R.,  and  others:   disc.     40,  41,  V  13  No  i  Sept  98. 
TiDD,  M.  M.,  and  others:  disc.      9-12,  V  3  No  i  Sept  88. 
Bench   testing    of   meters.     Thomson.  J.    Diags.      77-108,    V    10    No    2 

Dec  05. 
Benzenberg,  G.  H.     Arrangement  of  hydrants  and  pipes  for  fire  protec- 
tion: disc.  155-159.  V  7  No  3  Mar  93.     See  Freeman,  J.  R. 
Berlin-Stralau    Water   Works.     Sand    filters.     Plates  I-VIII.      102-114, 

V  7  No  2  Dec  92. 

Bessom,  Mayor  of  Lynn.     Addresses  to  N  E  W  W  A. 

II  Mar  96,  Boston.     291-293,  V  10  No  4  Jtme  96. 

10  June  96.      Qo-ioi.  V  II  No  i  Sept  96. 
Best  form  of  service  box.     Holden,  H.  G.     41,  V  i  No  i  Sept  86. 
Betton,  J.  M.     Comparison  of  compound  and  triple  expansion  engines 
for  small  water-works  plant.      Diags  and  ills.      218-228,  V   13   No   3 
Mar  00. 
Bickford,  Nathan  B.      Died  24  June  99,      Obituary  200,  V  15  No  2  Dec  00. 
Billings,  William  R. 

Arrangement  of  hydrants  and  pipes  for    fire    protection:    disc.    152- 
155,  V  7  No  3  Mar  93.     See  Freeman,  J.  R. 

Best  method  of  testing  water  meters:  disc.     93-94,  V  2  No  i  Sept  87. 

Charge  for  hydrant  service:  disc.      28-32,  V  i  No  i  Sept  86. 

Desirability  of  meters:  disc.      59,  V  5  No  i  Sept  90. 

Direct  pumping  system  (Taunton).    77,  V  6  No  2  Dec  91. 

Meters  as  detectors  of  leakage  and  waste.     34-42 ,  trans  83 . 
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Necessity  for  tanks  to    siipply   w   c's   and   hot-water  boilers.      51-56, 

disc  56-69,  trans  85. 
Ratio  of  pumping  capacity    to  maximum  consumption:   disc.      104- 

108,  V  3  No  3  Mar  89.     See  Sherman,  W.  B. 
Service  Pipes  (Taunton).      20,  V  2  No  i  Sept  87. 
Taunton  street  main  flushing.      Diag.      85-87,  trans  85. 
Uniformity  in  reports    of   public    water   works.      1 18-140,    disc    141- 

147,  trans  85. 
Water  hammer:  disc.      73,  74,  V  i  No  i  Sept  86. 
Weight  of  pipe:  disc.      39,  40,  trans  85. 

Wiped  andcup  joints,  comparative  value:  disc.   71,  72,  V  i  No  i  Sept  86. 
Biological  analysis  of  water. 

Drown,  Prof  T.  M.     79-91,  V  4  No  2  Dec  89. 
Dunham,  Dr  E.  K.      14-19,  V  2  No  4  June  88. 
FitzGerald,  D.      19-21,  disc  21,  22,  V  2  No  4  June  88. 
Forbes,  F.  F.     90-96,  disc  96,  97,  V  6  No  2  Dec  91. 
Sedgwick,  Prof  W.  T.     7-14,  V  2  No  4  June  88. 

Organisms  which  cause  unpleasant  tastes  and  odors  in  water  supplies. 

54-64,   V   14   No    I    Sept   99. 
Recent  progress  in.      50-55,  disc  56-64,  V  4  No  i  Sept  89. 
Whipple,  G.  C.      1-17,  disc  17-19,  V  12  No  i  Sept  97. 
Biological  study  of  chlamydomonas  in  Spot  pond,  Mass.     Hollis,  F.  S., 
and  Parker,  H.  N.      Diags.      26-29,  disc  30,  31,  V  14  No  i  Sept  99. 
Biology  and  chemistry  of  asterionella,  and  its  effect  on  water  supplies. 
Whipple,  G.  C,  and  Jackson,  D.  D.      1-23,  disc  23-25,  V  14  No  i 
Sept   99. 
Blake  pumping  engine.     Dean,  F.  W.     Ills.     94,  V  8  No  2  Dec  93. 
Block-tin  service  pipes.     Whitney,  J.  C.     Pitting  of.     87,  88,  V  6  No  2 

Dec.  91. 
Blossoming  in  water.     Hodgkins,   Mr.     219-220,   V   14   No  3   Mar  00. 

See  Hill,  W.  R. 
Blow-off  branches.     Plate  VII,  78,  V  8  No  2  Dec  93. 

N  E  W  W  A,  committee  on  cast-iron  pipe:  tables.     87-90,  V  17  No  i 

Mar  03. 
Rowland,  A.  11.     Blow-offs:  disc.     83,  84,  trans  85. 
Blue  prints  and  sketches.     See  N  E  W  W  A,  Committee  on. 
Boilers.     Allis   ])umping  engines.      193,    194,  V    13    No    3    Mar  99.     See 

Reynolds,  I.  II. 
Boiling,  Charles  E.     Richmond  Water  Works,  Va.     39-43,  disc  43,  44, 

V  4  No  I  Sept  89. 
Book  notices. 

Burr,   W.    H.     Ancient   and   modern   engineering   and   the   Isthmian 

canal.      126,  V  17  No  i  Mar  03. 
Church,    I.    P.      Diagrams   of   mean    velocity   of   unifonn   motion    of 
water  in  open  channels  based  on  formula  of  Ganguillct  and  Kutter. 
248,  V  16  No  3  Sept  02. 


INDEX    TO    THE    TRANSACTIONS    AND   JOURNAL.  II 

CoFFix,  F.  C.     Graphical  solution  of  hydraulic  problems.      403,  V  16 

No  4  Dec  02. 
Municipal  year-book.      1902.     403,  V  16  No  4  Dec  02. 
Whipple,    G.    C.    The    microscopy  of   drinking  water.       Reviewed  by 
Prof  W.  T.  Sedgwick.     59-62,  V  14  No  i  Sept  99. 
Booke,  Mr.      Meters:  disc.      107,  V  10  No  2  Dec  95. 

Boothby,  Hon  Frederick  E.     Address  to  N  E  W  W  A,  18  Sept  01,  Port- 
land.    445-447,  V  15  No  5  Sept  01. 
Boston  aqueduct,  water  log  sect.  1836.     111.      71,  V  13  No  i  Sept  98. 
Boston,  City  of. 

Brackett,    D.      Fire  of  28  Nov   89.     Water  supply.      Plan.   182-185, 

disc  186,  187,  V  4  No  4  June  90. 
Dean,  F.  W.      Sewage  pumping  engine.      111.     Sq,  V  8  No  2  Dec  93. 
FitzGerald,  D.      Maximum  water  supply  from  vSudbury  and  Cochitu- 
ate  in  time  of  drought:  report  on.      Diags  and  tables.      12-32,  V  2 
No  2  Dec  87. 
Rainfall  1818-1886.     Tables.      29,  30,  V  2  No  2  Dec  87. 
Gould,    J.   A.       Gas    mains.      Tables   of   weights.       no,   V   16  No   2 
-     June  02. 

Learned,  W.  F.     City  street  main  flushing:  letter.     81-83,  trans  85, 
McIxnes,  F.  a.      Salt-water  fire  system.      Diags.      304-313,  V  13  No 
4  June  99. 
Boston  Water  Works.     Colorimeter.      111.      107,   V   13  No  2  Dec  98. 
Brackett,   D.      Main    cleaning    in     1886-87.      34i~344-    V     13    No  4 

June  99. 
Whipple,  G.  C.      Growth  of  organisms  in  pipes.      Diags  and    tables. 
1-17,  disc  17-19,  V  12  No  I  Sept  97. 
Bowers,   George. 

Result  of  experiments.      30-33,  disc  33-35,  V  13  No  i  Sept  98. 
Second  tube  well  plant,  Lowell,  Mass.      226-229,  V  10  No  4  June  96. 
Tube  wells,  Lowell,  Mass:  experiments.      67-76,  V  9  No  2  Dec  94. 
Underground  water:  how  to   obtain   and  care   for  jt.      127-132,   disc 
132-137,  V  17  No  2  Jtme  03. 
Boyce,  W.  C. 

Tubtilar  well  tests,  reliability  questioned.      26-28,  V  3  No  i  Sept  88. 
Died  15  July  89.     Obituary  65,  V  4  No  i  Sept  89. 
Boyle,  Mayor  of   Newport.     Address  to  N  E  W  W  A,  8  Sept  97.     56,  V  12 

No  I  Sept  97. 
Brackett,  Dexter.     Pres  N  E  W  W  A. 

Address  to  N  E  W  W  A,  11  June    90.      Portland,  Me.      2-4,  V  5  No  i 

Sept  90. 
Arrangement  of  hydrants  and  pipes  for  fire  protection.      77-79,  V  7 

No  I  Sept  92. 
Brass  bushed  pipes  for  driven  wells.      142,  V  5  No  3  Mar  91. 
Cambridge     power     station,    electrolytic     action    near.       256,    V    15 
No  3  Mar  01. 


12  NEW    ENGLAND    WATER    WORKS    ASSOCIATION. 

Capacity  tests  of  steam  fire  engines,  hydrants,  and  hose,  with  tables, 

151-162,  V  9  No  3  Mar  95. 
Cast-iron   water   pipes   on   Met   Water  Works.      325-332,  V    13    No  4 

June  99. 
Cleaning  Boston  Water  Works  mains,  1886-87.      341-344,  V  13   No  4 

June  99. 
Consumption   of  water,   Europe   and  America.      122,    123,   V   9   No   2 

Dec  94. 
Excessive  consumption  of  water.      233,  234,  V  9  No  4  June  95. 
Furnishing  motor  power  from  municipal  water  supply:  disc.     158,  V  6 

No  4  June  92. 
Laying  pipe  under  or  over  a  stream.      138,  V  5  No  3  Mar  91. 
Lead  connections  in  service  pipes.      84,  85,  V  6  No  2  Dec  91. 
Minimum  size  allowable  for  mains.      18-20,  V  6  No  i  Sept  91. 
Pipe  casting  and   coating.      13   tables  of  designs.      78-80,   V  8   No   2 

Dec  93. 
Pressure  reducing  valves.      144,  145,  V  17  No  2  June  03. 
Raising   or    lowering   of   large    water    pipes.       198,    199,    V   3    No   4 

June  89. 
Ratio  of  pumping  capacity  to  naaximum  consvimption :  disc.     109,  no, 

V  3  No  3  Mar  89.     See  Sherman,  W.  B. 

Reservoir  embankment  construction.      139,  V  8  No  3  Mar  94. 
Scrapers  for  pipe  cleaning.      4,  V  i  No  3  Mar  87. 

Steel  V.  cast-iron  pipes,  and  corrosion.      223-225,  V  11  No  3  Mar  97. 
Watersupplyat  Boston  fire,  28  Nov  89.      Plan.      182-185,  disc  186,  187, 

V  4  No  4  June  90. 

Waterwaste:  disc.     56,  57,  V  i  No  i  Sept  86.     Paper.     10-17,  V  i  No  2 
Dec  86. 
Brackett,  Hon  J.  Q.  A.     Address  at  Amer  W  W  A  and  N  E  W  W  A  dinner, 

21  Apr  85.      206-209,  trans  85. 
Brainard,  C.  M.     Died  25  Dec  93.     Obituary  195,  V  8  No  4  June  94. 
Branches,   Pipe.      Diags     and     dimensions.      Plates     IV-VL      78,     V     8 
No  2  Dec  93 
N   E  W  W  A  tables.     348-352,  V  16  No  4  Dec  02. 
Brand,  Junius  A.     Lead  joints:  disc.     94-105,  trans  85. 
Brass   bushed  pipes  for  driven  wells.     Brackett,   D.      142,   V  5   No   3 

Mar  91. 
Breaking  of  pipes :  experience. 

Allis,  S.  M.  (Maiden).     274,  V  11  No  3  Mar  97. 
Brown,  J.  H.     45,  46,  trans  85. 
Breeches   pipe,   mould    and    core.     Garrrtt,   Jesse.     II!.      50,    51,    54, 

V  I  I  No  I  Sept  96. 

Bridge.      Allen,  C.   A.     A  novel   way  of     pkicing  a  bridge  in  position 

(Worcester).      197,  198,  V  3  No  4  June  89. 
Broad  canal,  Cambridge.     Harrington,  J.  L.     Laying  of  siphon  under. 

90-95,  V  7  No  2  Dec  92. 
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Broken  mains.      Stacy,  G.  A.     Location  and  examination  in  cold  weather. 

2  2  2-224.  V  7  No  4  June  93. 
Brookline  Water  Works,  Mass. 

Coffin,  F.  C.     Covered  reservoir:  description.      254,  V  14  No  3  Mar  00. 
Forbes,  F.  F.     Cement-lined  pipe,  a   success.     44-48,  disc  48-57,  V 
15  No  I  Sept  00. 

Covered  reservoir.      Diags.      1 13-1 17,  V  8  No  3  Mar  94. 
Driven  wells.      195-199,  disc  199-201,  V  1 1  No  3  Mar  97. 
Brooklyn  Water  Works,  N  Y.     Whipple,  G.  C,    and  Jackson,    D.  D. 

Astcrionella.     Diag  of  number  per  cc.      12,  V  14  No  i  Sept  99. 

Brooks,  Edwin  C.      Pressj.ire  reducing  valves.     143,  144,  V  17  No  2  June  03. 

Brooks,  Frederick.     Folly  of  reckoning  by  gallons,  while  all  countries 

have  identical  liters  and  cubic  meters.      258-267,  V  17  No  3  Sept  03. 

Brown,   A.    W.    F.     Card    system   of   service    locations.     226-228,  V   9 

No  4  June  95. 
Brown,  J.  Henry. 

Breaking  of  cast-iron  pipes.      45,  46,  trans  85. 

Necessity    and    method    of    flvishing    street    mains.      Diag.      70,     71, 
disc   71-92,   trans   85. 
Brownell,  E.  E,     Electroly.sis  of  pipes  from  facts  and  figures.      111.      363- 

367,  disc  367-372,  V  14  No  4  June  00. 
Brush,  Charles  B. 

Aeration     and    filtration  of  water.      71-75,  ills      76,     77,   disc   78-85, 

V  2  No  I  Sept  87. 
Died  3  June  97.     Obituary  72,  V  12  No  i  Sept  97. 
Buffalo  Water  Works,   N  Y. 

Knapp,   L.    H.      Description,    111.      206-212,   V  14  No  3   Mar  00. 
Cast-iron   pipe   specifications,   102,    103,  V    16    No    2  June  02. 
Burlington,  Vt,  Water  supply. 

Craxdall,  F.  H.      Map  and  ills.      150-159,  disc   159-166,  V  10  No  3 

Mar  96. 
Parker,  F.  H.     High-service  motor.     63-66,   disc  66-68,  V   2    No    i 

Sept  87. 
Sedgwick,    Prof   W.    T.      Sanitary   condition.      167-183,    V    10    No    3 
Mar  96. 
Bursting  of  Portland  reservoir.     Freeman,  J.  R.     Diag.      148-152,  disc 

152-154,  V  S  No  3  Mar  94. 
By-pass  metering  devices.     Diags.      78,  V  12  No  2  Dec  97. 
By-passes    in    meters.     Crandall,    F.    H.      Experiments    to    determine 
amount  of  water  used.     Table  and  diag.     347,  V  1 1  No  4  June  97. 

Cabinet  presented  to  Mr  and  Mrs  Hill.     N  E  W  W  A,  Meetings,  Annual. 

191,  192,  V  14  No  2  Dec  99. 
Calipering  pipe.     Sherman,  W.  B,     35-37,  trans  85. 
Calorific  determination  of  the  value  of  fuel.     Barrus,  G.  PI.     Ills.     48- 

51,  disc  51-54,  V  10  No  I  Sept  95. 
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Cambridge  power  station.     Brackett,  Dexter.     Electrolytic  action  on 

48-inch  main.      256,  V  15  No  3  Mar  01 
Cambridge  Water  Works,  Mass.     Hastings,  L.  M.     Ills,  and  diags.      121- 

132,  V  II  Xo  2  Dec  q6. 
Campbell's     cast-iron    fire    cistern.     Benzenberg,    G.   H.     Diag.      15S, 

V  7  No  3  Mar  93. 
Canals  and  low  dams. 

Babcock,   S.   E.      Aeration  of  water  supply  by.      35-43,  disc  43,  44, 

V  3  No  I  Sept  88. 

Locke,  A.   W.     Notes  made  in  Holland  in    1887.      44-49,  V  5   No   i 
Sept  90. 
Capacity  tests  of  steam  fire  engines,  etc.     Brackett,   Dexter,      i 51-162, 

V  9  No  3  Mar  95. 

Caps.      Diags  and  dimensions.      Plate  II,  78,  V  8  No  2  Dec  93. 

N  E  W  W  A  standard.     Tables.      91-92,  V  17  No  i  Mar  03. 
Card   system   of   service   locations.     Brown,    A.    W.    F.     226-228,  V    9 

No   4  Jmie  95. 
Care  of  fire  hydrants  in  winter.     Bailey,  G.  I.      116-123,  V  14  No   2 

Dec  99. 
Care  of  water  mains.     Chace,  G.  F.      131-134,  V  5  No  3  Mar  91. 
Cast-iron  gas  main.     Brownell,  E.  E.     Electrolysis  of.     111.     366,  V  14 

No  4  June  00. 
Cast-iron  pipe. 

Brackett,    Dexter.      Met     Water     Works.      325-332,    V     13     No    4 

June  99. 
Brownell,    E.    E.     Electrolysis.     111.     363-367,  disc  367-372,  V  14 

No  4  June  00. 
Coffin,     F.    C.      Notes    on.      111.      38-42,   disc  42,    43,    V   15    No    i 

Sept  00. 
Crafts,  N.  H.     Size  and  thickness:  abstract  from  Watertown  report, 
with  tables.      175-196,  V  3  No  4  Jvxne  89. 
-  Evans,  G.   E.,and  others.     Versus  steel  pipe:  disc.     219-223,  V   11 
No  3  Mar  97. 
Garrett,  Jesse.     Making  of.     Ills.     27-54,  disc  55-62,  V   11   No   i  , 

Sept  96. 
Manning,    G.    E.       Design    of    lead    joints.      130-138,     V   16  No  2 

June  02. 
Murdock,  William.      Wooden  joints  in  water  mains  (St.  John,  N  B). 

34-37.  V  15  No  I  Sept  00. 
N  E  W  W  A.      Standard  specifications,  with  tables  of  weights  and  di- 
mensions.     335-358,    V    16    No    4  Dec    02,  and   84-96,  V    17    No    i 
Mar  03. 
N  E  W  W  A.     Reports,  etc,  of  Committee.     Sec  N  E  W  W  A,  Com- 
mittee on  cast-iron' pipe. 
Noyes,    a.    F.      Weights    of    pipes:    disc.      28-51,     diags     154-159, 
trans  85.  ^ 
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Saville,  C.  M.      Pipes  and  pipe  lajnng,  Met  Water  Works.      203-226, 

disc  226-230,  V  17  No  2  June  03. 
Sherman,  W^.  B.      Information  wanted  in  re.      12-15,  ^  i  ^^o  i  Sept  86. 

91,  92,  disc  92,  93,  V  2  No  I  Sept  87. 
Taylor,  L.  A.     Tapping  band  on.      229,  230,  V  9  No  4  June  95. 
Casting  water  pipe  bell  end  down.      Disc.   18-2 1 ,  V  7  No  i  Sept  92. 

Brackett,  Dexter.      Superiority.      78-80,  V  8  No  2  Dec  93. 
Castings  of  pipes. 

Brackett.  Dexter.      Special  designs.      78-80.  V  8  No  2  Dec  93. 
Hill,  W.  R.,  and  others.     Cooling  of.     37.  V  13  No  i  Sept  98. 
N  E  W  W  A  Com  on,  table  and  dimensions.      342,  V  16  No  4  Dec  02. 
TiDD,   M.   M.,   and  others.      Use  and  weight:  disc.      9-12,   V  3   No    r 

Sept   88. 
Cate,  E.  W.     Refusal  of  application  for  water  and  taxation  of  a|)plicant; 

disc.     32,33,  V  I  No  I  Sept  86. 
Caulking  of  joints.      Hill,  W.  R.,  and  others:  disc.      41-43,  V  13,  No  i 

Sept  98. 
Causes  and  prevention  of  waste  of  water.     Nevons,  Hiram,  and  others. 

27-29,  disc  30-47,  trans  S3. 
Causes  of  rainfall.     Davis,  W".  M.     338-345,  disc  by  Prof  W.  H.  Niles, 

345-350,  V  15  No  4  June  01. 
Cement-lined  pipe. 

Crilly,  p.  F.      Reasons  for  txse.      50-52,  disc  52-56,  V  5  No  i  Sept  90. 
Forbes,  F.  F.      Service  pipes   (Brookline).      44-48,  di.sc  48-57.   V  15 

No  I  Sept  00. 
Gow,  F.  W.     Cement-lined  pipe:  disc.      113-117,  trans  85. 
Haskell,  J.  C.     Experience  with.      171-173,  disc  173-175,  V  7  No  3 

Mar  93. 
Hawkes,  Mr.     Cement-lined  pipe,  Maiden.     40,  trans  83. 
WiNSLOW,  G.   E.      Effect  of  water  hammer  on.      191-194,   disc   194- 

196,  V  4  No  4  June  90. 
Cemeteries,  proximity  to  water  harmless.     Swarts,  Dr  G.  T.      10,  V  13, 

No  I,  Sept  98. 
Chace,  George  F.,     Pres  N  E  W  W  A. 

Address  to  N  E  W  W  A,  twelfth  annual  convention.      3-5,  V  8  No  i 

Sept  93. 
Advisability  of  meters,  and  city  ownership.      21,22,  V  6  No  i  Sept  91. 
Artesian   well   experiment    (Taunton).      221-223,   ^lisc    223,    224,    V   4 

No  4  June  90. 
Care  of  water  mains  in  relation  to  quality  of  supply.      i3i-i34,.V  5 

No  3  Mar  91. 
Cement -lined  service  pipes  (Taunton).      24,  V  6  No  i  Sept  91. 
Corrosion  of  pipes,  Taunton.     336,  337,  V  15  No  4  June  01. 
Direct  pumping  system  (Taunton).  67-75,  <^isc  76-80,  V  6  No  2  Dec  91. 
Eternal  vigilance  the  price  of  good  water.      147-150,  V  9  No  3  Mar  95. 
Excessive  consumption  of  water.      235-239.  V  9  No  4  June  95. 
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Experience  with  Crown  water  ineter.      60,  V  5  No  i  Sept  90. 

Friction  in  collecting  meter  rates.      44-50,  V  4  No  i  Sept  89 

Handling  fires  while  changing  distribvition  mains  on  important  streets 

(Taunton).      230-233,  V  10  No  4  June  96. 
Laying  a  16-inch  main  across  a  rocky  mill  stream  and  over  a  dam 

(Taunton).      103-105,  disc  105,  V  9  No  2  Dec  94. 
Rainfall  of  1890-91.      138,  V  6  No  3  Mar  92. 
Rumpus  in  collecting  meter  rates  (Taunton).      230-237,  disc  238,  239, 

V  14  No  3  Mar  00. 

Service  pipes,   defects   and  remedy.      41-45,   disc   45-55,   V    12    No    i 

Sept  97. 
Sixteen-inch  direct  river  pipe  and  effect  on  Taunton  supply.      179-18 1, 

V  6  No  4  June  92. 

Chaffee,  Fred  I.      Died  28  Nov  95.      Obituary  140,  V  10  No  2  Dec  95. 
Chain  of  pots,  water  elevators.     Fanning,  J.  T.     36,  V  i  No  i  Sept  86. 
Chandler,  Henry.      Died  19  Oct  00.      Obittiary  224,  V  15  No  2  Dec  00. 
Chaplin,  W.  S.      Water  in  Japan.      20-26,  V  i  No  2  Dec  86. 
Chapman  fourway  independent  valve  hydrant.     Springfield  fire  depart- 
ment.     Hose  experiments.      152,  trans  85. 
Chara  fragilis.     Forbes,  F.  F.     Appearance  in  reservoir  of  public  water 

stipply.      252-254,  V  10  No  4  June  96. 
Charge  for  hydrant  service.     Billings,  W.  R.,  and  others.     28-32,  V  i 

No   I   Sept  86. 
Charges  for  private  fire  protection  and  means  of  controlling  supply.     Re- 
port of  N  E  W  W  A  Committee.      290-329,  V  16  No  4  Dec  02. 
Charges  for  public  use  of  large  streams,     Crandall,  F.  H.     Method  of 

determining.      344-347,  V  ir.  No  4  June  97. 
Charlottetown,  P.  E.  Isle,  sewage  pumping  plant.     Coffin,  F.   C.     214, 

215,  V  13  No  3  Mar  99. 
Chase,  John  C. 

Charge  for  hydrant  service:  disc.      30,  V  i  No  i  Sept  86. 

Cheap  covered  reservoir,  Albany,  Ga.      155,  156,  V  8  No  3  Mar  94. 

Corrosion  of  pipes:  disc.     46,  trans  85. 

Disjointing   12-inch  pipe.      102,    103,   trans   85. 

Experience  with  a  stand  pipe.     68-70,  V  8  No  2  Dec  93. 

Four-inch  bells  and  lead  joints.     99-100,  trans  85. 

Function  of  a  water  meter.      102,  V  10  No  2  Dec  95. 

House  inspection  of  fixtures.     34-38,  V  6  No  i  Sept  91. 

Little  talk  about  water  rates.      174-179,  V  17  No  2  Jtmc  03. 

Necessity  of  tanks  for  kitchen  boilers  and  water  closets:  disc.      60-62, 

trans  85. 
Weight  of  pipe:  disc.      ^^,  34,  trans  85. 
Cheap  water  for  the  people.      (Mass.  laws  in  re  pond  water.)     Stktson, 

T.  M.      j-j8,  Vi  No  4  June  87. 
Check  valves  and  meters   in  factory  fire   systems.     Fre.ncii,  E.  V.,  and 
others.      96-102,  V  12  No  2  Dec  97. 
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Chemical  analysis  of  water. 

Drown,  Prof  T.  M.     79-91,  V  4  No  2  Dec  89. 

Odor  and  color  of   surface  waters.       3-15,   disc    15-29,   V   2    No  3 
Mar  88. 
Chemical  pump   (Warren).      Ills.     Weston,  E.  B.      341-344.  V  14,  Xo  4 

Jime  00. 
Chestnut  Hill  (Met  Water  Works)  high  service  station.     San  do,  W.    J. 
Thirty-million  gallon  pumping  engine  trial.      232-243,  V  15,  No  3 
Mar  01. 
Chicopee,  Springfield.     Ball,  Phinehas.     Laying  pipe  across  Chicopee 

and  Quinnipiac.      136,  V  5  No  3  Mar  91. 
Chlamydomonas  in  Spot  pond  (Met  Water  Works).     Hollis,  F.  S.,  and 

P.\RKER,  H.  N.      Diags.      26-29,  disc  30,  31,  V  14  No  i  Sept  99. 
Chlorophyceae :  green    algae    in    surface    water.     Whipple,    G.    C.     212, 

V  9  No  4  June  95. 
Clark,  Ezra. 

Water  hammer:  disc.      76,  V  i  No  i  vSept  86. 
Died  26  Sept  96.     Obituary  275,  V  11  No  3  Mar  97. 
Clark,  Harry  W. 

Experience  with  filters   (Lawrence).      231-234,      241-243,  V   12   No  4 

June  98. 
Few  words  on  w^ater  filtration.      82-87,  V  14  No  i  Sept  99. 
Pollution  of  streams   by  manufactural  wastes,  and   prevention.      500- 

510,  disc  510-513,  V  15  No  6  Dec  01. 
Removal  of  color,  organisms,  and  odor  from  water.      1-8,  V  17  No  i 

Mar  03. 
Removal  of  iron  from  ground  waters  by  coke  filters.      2 7 7-2 So.  disc 
280-284,  V  II  No  4  June  97. 
Clarke  Ave  station,  Montreal  Water  Works.  Pitcher,  F.  H.     Pumping 

by  electricity.      352-373,  V  17  No  4  Dec  03. 
Classification  of  water  rates.     See  Water  rates. 
Cleaning  pipes.     Nevons,  Hiram.     23,  24,  V  5  No  i  Sept  90. 
Cleaning  reservoirs. 

CoGGESHALL,   R.  C.    P.      Ncw  Bedford.      210,  211,  disc   211,  212,  V    4 

No  4  June  90. 
Haskell,  J.  C.     29,  30,  V  12  No  i  Sept  97. 
Cleaning  water  mains. 

Brackett,    Dexter.     Boston.      1886,    1887.     341-344,    V    13    No    4 

June  99. 
MuRDOCK,  W.     St.  John,  N  B.     Abstract  from  report.       i47-i5i,V"i3 
No  2  Dec  98. 

Paper.      Ills.      333-341,  disc  341-344,  V  13  No  4  June  99. 
CHnton  gatehouse,     E  Jersey  Water  Co.     Herschel,  Clemens.       Diag. 

.  26,  V  8  No.  I  Sept  93. 
Coal.      Barrus,   G.    H.     Calorific   determination   of  value   as   fuel.      111. 
48-51,  disc  51-54,  V  10  No  r  Sept  95. 
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Coating  of  pipes. 

Brackett,    Dexter.      Met     Water     Works.      330,  331,    V    13    No    4 

June  99. 
Coffin,  F.  C,  and  others.     Coating  of  pipes.     44-48,  V  13  No  i  Sept 

98. 
Garrett,  Jesse.     52-54,  disc  61-62,  V  11  No  i  Sept  96. 
Hastings,  L.  M.      Protective  coating  for  steel  pipes.      321-323,  V  13 

No  4  June  99. 
Walker,  C    K.,  and  others.      Use  of  water  from  hydrants.      143,  V  10 

No  3  Mar  96. 
Wood,     Edmund.      vSteel    (New    Bedford    Water    Works).      213,    disc 
220-225,  V  II  No  3  Mar  97. 
Cochituate  and  Sudbury  watersheds.     FitzGerald,  Desmond.     Capacity 

in  drought.      12-21,  diag  and  tables  22-32,  V  2  No  2  Dec  87. 
Cochran,  Robert  L.,  and  others.     Ice  in  standpipes.     227-229,  V  17  No 

2  June  03. 
Cochrane,  Hon  James.     Address  of  welcome  to  N  E  W  W  A,  Montreal, 

9  Sept  03.  420,  V  17  No  4  Dec  03. 
Cocks,  Proper  manufacture  of.     Hill,  W.  R.     37,  38,  V  13  No  i  Sept  98. 
Codd,  William  F. 

Filter  at   Wannacomet   Water  Works,  Nantucket.      Diags.      1 71-174, 

V  8  No  4  June  94. 

Method  of  connecting  lead  services.      187,  188,  V  9  No  3  Mar  95. 
Nantucket  pumping  engines,  Wannacomet  Water  Works.      174-176, 

V  16  No  3  Sept  02. 
Coffin,  Freeman  C. 

Application  of  gas,  gasoline,  and  oil  engines  to  pumping  machinery. 

Diags.     206-217,  V  13  No  3  Mar  99. 
Coating  of  pipes:  disc.     44-48,  V  13  No  i  Sept  98. 
Corrosion  of  pipes.      222,  V  11  No  3  Mar  97. 

Covered  reservoir  at  Cohasset:  experience.      127,  V  8  No  3  Mar  94. 
Covered  reservoirs  and  their  design.     Diags.     252-285,   V    14   No   3 

Mar  00. 
Few  notes  on  cast-iron  pipe.     111.    38-42,  disc  42,  43,  V  15  No  i  Sept  00. 
Financial  management  of  water  works:    statistics  and   diags.      63-86, 

disc  87-98,  V  II  No  I  Sept  96. 
Friction   in   several   pumping  mains.      Diags,   taVjles,  and   disc.      234- 

242,  V  10  No  4  June  96. 
Lead  connections  in  service  pipes.     85,  86,  V  6  No  2  Dec  91. 
Pressure  reducing  valves.      142-145,  V  17  No  2  June  03. 
Standard  flanges  for  water  pipes.      Diags  and  disc.     48-51,  V  6  No  i 

Sept  91. 
Standpipe  at  Fairhav^en.      181,  V  8  No  4  June  94. 
Standpijies  and  their  design.      Diags.      202-214,  V  7  No  4  June  93. 
Coggeshall,  Robert  C.  P.,  Pres  N  E  W  W  A.     Portrait.     282,  V  16  No  4 

Dec  02. 
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Address  to  N  E  W  W  A,  16  June  86.      5-9,  V  i  No  i  Sept  86. 

Anchor  ice.      265-275,  disc  275-277,  V  10  No  4  June  96. 

Fall  of  Fairhaven  water  tower.      Ills.      522-524,  V  15  No  6  Dec  01. 

Lead  service  pipes.      87,  V  6  No  2  Dec  91. 

Meters  in  fire  services:  disc.      27-33,  ^  6  No  i  Sept  91. 

Method  of  cleaning  distributing  reservoir  (New  Bedford).      210,   211, 

disc  211,  212,  V4  No  4  June  90. 
Naphtha  lamps  for  melting  lead  joints.      103,  trans  85. 
Portable  platform  to  aid  in  excavating  trenches.      125,  126,  V  9  No  2 

Dec  94. 
Private  fire  supplies  and  instirance  regulations.      193-197,  V  9  No  4 

June  95. 
Resignation  of  secretaryship  N  E  W  W  A,  9  Jan  95,  1 41-144,  V  9  No  3 

Mar  95. 
Service  pipes  (New  Bedford).      22-27,  V  6  No  i  Sept  91. 
Stealing  water  and  check  valves.      68-72,  V  17  No  i  Mar  03. 
Tanks  for  hot- water  boilers,  etc:  disc.      57-59,  trans  85. 
Temporary  dam  at  New  Bedford.      200,  201,  V  3  No  4  June  89. 
Testing  distributing  mains.      337,  338,  V  ri  No  4  June  97. 
Twenty  years  after  (inception  of  N  E  W  W  A),  a  retrospect.      271-289, 
portraits  276-284,  V  16  No  4  Dec  02. 
Cohasset  Water  Works,  Mass. 

Coffin,  F.  C.     Covered  reservoir:  experience.      127,  V  8  No  3  Mar  94. 
Oil  pumping  engine.     210-212,  V  13  No  3  Mar  99. 
Kerosene  oil  pumping  engine.     111.      176,  V  16  No  3  Sept  02. 
Tower,  D.  N.     Air  leaks  in  a  tube  well  pumping  plant:  experience. 
189-193,  disc  193,  194,  V  12  No  3  Mar  98. 
Coke  filters  for  removal  of  iron  from  ground  waters.     Clark,   H.   W. 

277-280,  disc  280-284,  V  II  No  4  June  97. 
Collins,  M.  F.     The  Lawrence  filter.      Diag  and  ills.      288-297,  V  17  No 

3  Sept  03. 
Colon  bacillus   (cholera).       Winslow,  C.-E.  A.     Isolation  of.  471-475. 

Significance.     475-477,  V  15  No  6  Dec  00. 
Color  and  odor  of  surface  waters.     Drown,  Prof  T.  M.     3-15,  disc  15- 

2Q.  V  2  No  3  Mar  SS. 
Color  removal  by  filtration.     H.\zen,  Allf.n.     32-34,  V  12  No  i  Sept  97. 
Color  in  relation  to  character  of  water.     Hollis,  F.  S.     Diags.     94-rir, 

disc  111-118,  V  13  No  2  Dec  98. 
Colorimeter.      Boston    Water    Works.      102-111,    diag   107,  V    13    No    2 

Dec  98. 
Coloring  matter  in  water  and  removal.     FitzGerald,   D.,  and  others 

Disc  156-163,  V  16  No  2  June  02. 
Combustion  engines.     See  Pumping  engines. 
Committees,  N  E  W  W  A.     5cv  N  E  W  W  A,  Committees. 
Comparative  value  of  wiped  and  cup  joints.     Billings,  W.  R.,  and  others 
71,  72,  V  I  No  I  Sept  86. 
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Comparison  of  compound  and  triple  engines.     Bettox,  J.  M.     218-228, 

V  13  No  3  Mar  99. 

Comparison  of  pumping  engines.     Smith,  J.  E,      163-166,  disc  166-170, 

V  14  No  2  Dec  99. 

Compound  pipe.     Hastings,  L.  M.     Flow  of  water  in  36-inch    and  30- 
inch  compovtnd  pipe.      Diags  189-194,  V  8  No  4  June  94.      Remarks 
of  G.  A.  Ellis.     58,  80.     Reply  of  L.  M.  Hastings.     61,  62,  V  9  No  i 
Sept   94. 
Compound   pumping   engines.     See   Pumping  engines. 
Conant,  Henry  W. 

Hydrants:  disc.      12,  13,  V  4  No  i  Sept  89. 

Died  18  Nov  99.     Obituary  193,  V  14  No  2  Dec  99;  200,  V  15  No  2 
Dec  00. 
Concrete  masonry  in  Forbes  hill  reservoir,  Met  Water  Works.     Saville, 

CM.      Ills.      191-204,  V  16  No  3  Sept  02. 
Concrete  mixing  and  handling  in  Ashland  basin  No  4  (Boston).     Learned, 

W.  F.      7,8,  di.sc  S-ii,  V  2  No  2  Dec  87. 
Condensing    apparatus.     Allis    pumping    engines.      191-193,    V  13   No  3 

Mar  99.     See  Reynolds,  I.  H. 
Conduits. 

Davis,  W.  E.      Pipe  removal  in  sections  (Sherburne,  N  Y) :  experience. 

125,  126,  disc  127-129,  V  5  No  3  Mar  91. 
Herschel,  C.     Structures,  E  Jersey  Water  Co.     Diag.     30,  V  8  No  i 
Sept  93. 
Strtictures    and    pipe    line    appurtenances,     E    Jersey    Water    Co. 

Diag.     32,  35,  V  8  No  I  Sept  93. 
E  Jersey  Water  Co  air  valve  details.     Diag.     32,  V  8  No  i    Sept  93. 
KuicHLiNG,  E.     Gaging  of  (Rochester,  N  Y).      138-143,  V  13  No  2 

Dec  98. 
Richards,  W.  H.     Accident  on  tile  pipe  conduit.  New  London,  Conn. 
164,  V  3  No  4  June  89. 
Conflagration  hazard.     Crosby,   E.   U.     Eliminating  the.     97-109,  disc 

110-118,  V  15  No  2  Dec  00. 
Connet,  F.  N.     Stacy   service  box.     111.     308,    309,    V    15    No    4   June 

01 . 
Constitution  and  by-laws  of  the  N  E  W  W  A.     See  NEW  W  A    Consti- 
tution. 
Construction  and  maintenance  of  water  works.     Kixgslev,  C.  W.      127- 

133.  V3  No  3  Mar  89. 
Consumption  of  water  in  larger  U  S  cities  as  affected  by  meters. 
Bailey,  G.  I.     351-359,  V  15  No  4  June  01. 

Coffin,  F.  C,  and  others.     Per  capita:  disc.     87,  V  11  No  i  Sept  96. 
Haskell,  J.   C.     .Reduction   of.     231-233,   disc   233-239,   V  9   No  4 

June  95. 
Sherman,    W.    B.     And   ptimping   capacity   of   various   cities,    1886: 
table.     35,  V  2  No  3  Mar  88. 
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Safe  ratio  of  pumping  capacity  to  maximum  consumption.      90-9S, 

V  3  No  2  Dec  88. 
Disc.      104-119,  V  3"  No  3  Mar  89. 
Contagion.     Abbott,  Dr  S.  W.     Water  as  a  medium  of  contagion.      25, 

26,  V  2  No  4  June  88. 
Contracts.      Kuichling,   E.     Case  of  Mofifett,  etc,  breaking  of  contract 

for  steel  conduit.      144-146,  V  13  No  2  Dec  98. 
Control  and  management  of  service  pipes.     Walker,  C.  K.,  and  others. 

19-22,  V  2  Xo  I  Sept  87. 
Control   of  hydrants    by   firemen.       H.\skell,    J.    C.       144,    V  10   No   3 

Mar  96. 
Control  of  watershed  areas.     L.\th.\m,  B.      129- 131,  V  13  No  2  Dec  98. 
Cook,  Byron  I.,  Pres  N  E  W  W  A. 

Address  to  N  E  W  W  A,  19  Sept  00,      Rutland.      193-199,  V  15  No  2 

Dec  00. 
Detecting  a  waste  of  water.      22-24,  V  7  No  i  vSept  92. 
Service  boxes:  disc.      Diags  and  ills.      305-314,  V  15  No  4  June  01. 
Standpipes,  Woonsocket,   R  I.      124-127,   disc    127-132,   V    14    No    2 

Dec  99. 
W^oonsocket  Water  Works,   R   I.      Reser\'oir  and  dam   No  3.    Diags. 
20-26,  disc  27-35,  V  12  No  I  Sept  97. 
Coolidge,  Samuel  S.      Died  9  Mar  89.      Obituary  209,  V  3  No  4  June  89. 
Co-operation. 

Trautwine,  J.  C,  Jr.     Letter  soliciting  co-operation  with   association 

of  engineering  societies.      137-139,  V  9  No  3  Mar  95. 
Tryon,  James.     What   a   water  supply   engineer   can   do   in   the   fire 
department.      93-102,  V  9  No  2  Dec  94. 
Cornell  university,  Ithaca.     Fuertes.  Prof  E.  A.     Hydraulic  laboratory. 

Ills.      195-205,  V  14  No  3  Mar  00. 
Corrosion  of  pipes.      By  sediment   or  tuberculation :   di.sc.      105-107,    V 
8  No  2  Dec  93. 
Brackett,  D.      Protection  against  corrosion  in  steel  pipes.    325-331, 

V  13  No  4  June  99.  . 
Ch.'^.ce,  G.  F.     Taunton  pipes,  1894.      337,  V  15  No  4  June  01. 
Chase,  J.  C.     Corrosion.      46,  trans  85. 

CoFFix,  F.  C,  and  others.     Disc.     222-225,  V  11  No  3  Mar  97. 

Parker,  F.  H.     Corrosion.     41,  trans  85. 

Weston,  E.  B.,  and  others.     Separate  fire  service  systems:  disc.     92, 

V  13  No  2  Dec  98. 

Coryell,  Martin.      Died  30  Nov  86.     Obituary  loi,  V  2  No  i  Sept  87. 

Cost  of  operating  sand  filters.  Haskell,  J.  C.  238,  239,  241,  V  12  No 
4  June  98. 

Cotton,  J.  Warren.     Died  30  July  84.      Obituary  83,  trans  84. 

Covered  filter,  Warsaw,  Russia.  Sedgwick,  Prof  W.  T.  In  his  purifi- 
cation of  water.      115,  V  7  No  2  Dec  92. 

Covered  reservoirs.     See  also  Reservoirs. 
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Coffin,  F.  C.      Covered  reservoirs  and  their  design.      252-285,  V   14 

No  3  Mar  00. 
Forbes,  F.  F.     Covered  reservoir  at  Brookline.      113-117,  V  8  No  3 

Mar  94. 
Fuller,  F.  L.     At  Franklin,  N  H.      160,  161,  disc  161,  162,  V  5  No  4 
June  91;  84,  85,  V  7  No  i  Sept  92. 
At  Methuen,  Mass.      123,  V  8  No  3  Mar  94. 
At  Natick,  Mass.     383-397,  disc  398-417,  V  17  No  4  Dec  03. 
SwAN,C.H.     Covered  reservoirs.      45-53,  disc  53-56,  V  3  No  i  Sept  88. 
Covered  sand  filter  at  Ashland,  Wis.     Wheeler,  William.     Diags  and 

tables.      301-327,  di.sc  327-329,  V  11  No  4  June  97. 
Covered  well  and  basin  in  Waltham  Water  Works,  Mass.     Johnson,  F.  P. 

Diags.      120-122,  disc  123-129,  V  8  No  3  Mar  94. 
Covington  reservoir  water.     FitzGerald,  D.     77,  V  5  No  2  Dec  90. 
Crafts,  N.  Henry.    Abstract  from  report  to  Watertown  on  cast-iron  pipe. 

Table.      175-196,  V  3  No  4  June  89. 
Crandall,  F.  H.,  Pres  N  E  W  W  A. 

Address  to  N  E  W  W  A,   8  Jan  02.      66-69,  V  16  No  i  Mar  02. 
Assessment    and    collection    of  water   rates.      133-143,    disc    143-150, 

V  14  No  2  Dec  99. 

Burlington,  Vt,  water  system.     Map  and  ills.      150-159,  disc  159-166, 

V  10  No  3  Mar  96. 

Inexpensive  method  of  determining  charges   for  public  use   of  large 

streams.     344-347,  V  11  No  4  June  97. 
Laying  24-inch  pipe  under  Lake  Champlain,    1894.      259,   260,   V   12 

No  4  June  98. 
Loss    of    water    from    underground    pipes.      245-249,    disc    249-253, 

V  12  No  4  June  98. 

Private   fire   supply   charges   and   control   of   service:   disc.      416-420, 

V  15  No  5  Sept  01. 

Testing  water  meters.      331,  332,  V  17  No  4  Dec  03. 
.Crehore,  Dr  Charles  F,     Died  7  Nov  93.     Obittiary  108  V  8   No  2  D  93 
Crilly,  Patrick  F. 

Why  I  favor  use  of  cement  pipe.      50-52,  disc  52-56, V  5  No  1   Sept  qo. 
Died  25  Mar  01.     Obituary  364,  365,  V  15  No  4  June  01. 
Cristatella  in  storage  reservoir,  Henderson,  N  C.     Weston,  R.  S.     Map 

and  diag.      20-26,  disc  27-29,  V  13  No  i  Sept  98. 
Crosby,   Everett  U.  Eliminating  the  conflagration  hazard.     97-109, 

disc  1 10-118,  V  15  No  2  Dec  00. 
Croton  aqueduct,  N  Y. 

Denton,  Prof  J.  E.     Note  of  lecture  by.      12,  13,  V  3  No  i  Sept  88. 
FitzGerald,  D.     Description.      106-108,  V  11,  No  i  Sept  96. 

Visit  to.      161,  162,  V  3  No  4  Jtine  89. 
Fteley,  a.      Note  of  tiddress  by.      16,  V  5  No  i  Sept  90. 
Croton  water,  N  Y,  before  and  after  treatment  by  ozone :  analysis.     Soper, 
Dr.  G.  A.,  and  f)thers.      16.  V  15  No  1  Sept  00. 
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Crown  water  meter.     Chace,  G.  F.     60,  V  5  No  i  Sept  90. 
Cup  joints.     Rogers,  H.  W.     72,  V  i  No  i  Sept  86. 
Curved  pipe. 

Brackett,  D.     Pipe  casting  and  coating,     Diag.    78,  V  8  No  2  Dec  93. 
Hastings,  L.  M.     Curved  40-inch  steel  pipe,  Payson  Park  reservoir, 
Cambridge.      131,  V  11  No  2  Dec  96. 

Curved  steel  pipe,  Cambridge.      111.     316,  V  13  No  4  June  99. 
N  E  W  W  A,  standards   for   cast-iron  pipe.     Table.      345-347,  V  16 

No  4   Dec  02. 
Williams,  Prof  G.  S.     Loss  of  lead  iu.     Experiments  by  Bossut,  Du- 
Buat,  Freeman,  Rennie,  Venturi,  Weisbach,  and  Young.      112-114, 

V  14  No  2  Dec  99. 

Resistance  of  curves.      100,  loi,  112-115,  V  14  No  2  Dec  99. 
Cyanophyceae :  blue-green  algae  in  surface  water.     Whipple,  G.  C.     212. 

V  9  No  4  June  95. 

Cypress  stave  24-inch  pipe,  New  London,  Conn.     Richards,  W.  H.     2S7. 

V  13  N(^  4  June  99. 

Damages  to  mill  powers.     Raymond,  W.  G.      152-156,  V  13  No  2  Dec  98. 
Dams. 

Coggeshall,  R.  C.  P.      New  Bedford  temporary  dam.      200,  201,  V  3 

No  4  June  8g. 
Cook,  B.  L     Woonsocket,  R  I,  reservoir   and   dam.      20-27,   disc   27- 

35,  V  12  No  I  Sept  97. 
FuERTES,  Prof  E.  A.,  Cornell  university,  N  Y.     Old  and  new  dams. 

Ills.      200,  V  14  No  3  Mar  00. 
Haskell,  J.  C.      Lynn  Water  Works,  Mass.      55-63,  disc  63,  64,  V  10 

No  I  Sept  95. 
Hassam,  W.    E.     Worcester,    Mass,  distributing   reservoir.      153-159, 

V  12  No  3  Mar  98. 

Hastings,  L.  M.     Cambridge  Water   Works,     Hobbs    Brook.      Diags 

and  ills.      123,  124,  V  11  No  2  Dec  96. 
Herschel,  Clemens.     Macopin  intake,  E  Jersey  Water  Co,  Newark. 

21,  22,  V  8  No  I  Sept  93. 
HoLDEN,    H.    G.      Pcnnicliuck   Brook,  Nashua,    N    H.      111.      250-252, 

V  16  No  4  Dec  02, 

Howard,  J.   L.      Middlesex  Fells  reservoir  plans   (Met  Water  Works, 

Mass).   22.     Ills.     28-30,  V  15  No  I  Sept  00. 
Knight,   C.   W.     Altoona,    Pa,    lower    reservoir    and   dam.      Ill    and 

diag.      158,  159,  V  14  No  2  Dec  99. 
Learned,  W.   F.     Ashland    basin    No  4,    Boston.      Diags.     4-7,  V  2 

No  2  Dec  87. 
Metcalf,  Leonard.      Echo  Lake  dam,  Milford,  Mass.      146-156,  V  17, 

No  2  June  03. 
NoYES,  A.  F.     Comparative  sections  of  masonry.      Diags.      124,  V  10 

No  2  Dec  95. 
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Stacy,    G.    A.     Millham    dam,    Marlboro    Water   Works,    Mass.     111. 

139-150,  V  16  No  2  June  02. 
Taylor,  L.  A.     New  Haven  Water  Co,  Woodbridge,  Conn.      51-55. 
disc  55,  56,  V  6  Xo  I  Sept  91. 
Xewport  Water  Works.  X  H.      145,  146,  V  12  Xo  3  Mar  98. 
Quincy   dam,    Mass.      Diags.      167-173,    disc    173,    174.    V   3    Xo   4 
June    89. 
Darling,  Edwin,  Pres  N  E  W  W  A. 

Address  to  X  E  W  W  A.  13  Jtme  88.      2.  3.  V  3  Xo  i  Sept  88. 

Charge  for  hydrant  ser\-ice:  disc.     30-32,  V  i  Xo  i  Sept  86. 

Durability  of  pipes:  disc.     Trans  85. 

Electrical  purification  of  water  supply.      18S,  V  8  Xo  4  June  94. 

Filtration.      165,  166,  V  3  X^o  4  June  89. 

Frozen  hydrants.     37,  38,  V  4  Xo  i  Sept  89. 

Xecessity  for  large-sized  pipes:  disc.      180,  V  4  Xo  4  Jtme  90. 

Practical    details    of   water- works    management.       7-1 1,    disc    11-18, 

V  2  Xo  I  Sept  87. 
Public  and  private  water  works:  disc.      17-24.  V  4  Xo  i  Sept  89. 
Reservoir  embankment  construction:  disc.      141,  V  8  Xo  3  Mar  94. 
Service  pipes:  disc.     20-22,  V  2  Xo  i  Sept  87. 
Testing  of  pipes  by  manufacturers.     37,  38,  trans  85. 
Water  hammer:  disc.     77,  V  i  Xo  i  Sept  86. 
Weights  of  cast-iron  pipes:  disc.     31.  32.  trans  85. 
Davidson,  James.      Died  4  Dec  91.      Obituary  188,  V  6  Xo  4  June  92. 
Davis,  F.  A.  W. 

Electrical  current.     111.     225-232,  V  15  Xo  3  Mar  01. 
Test   of  lifting  water  from  wells  with  air,  Indianapolis  Water  Works, 
Ind.      51-54.  V  13  Xo  I  Sept  98. 
Davis,  W.  E.      Removing  conduit  pipe  in  sections.      125,  126,  disc  127- 

12Q.  V  5  Xo  3  Mar  91. 
Davis,   Prof  W.   M.     Causes  of  rainfall.      338-345,   disc  345-350,   V    15 

Xo  4  Jvme  01. 
Dayton,  Ohio,  Water  Works.     Browxell.    E.   E.     Electrolytic  destruc- 
tion of  water  mains.      111.      370.  V  14  Xo  4  June  00. 
Suit  for  damages  for:  decision.      1 51-155,  V  16  No  3  Sept  02. 
Dead  ends,  Flushing  of.     Chace,  G.  F.      133,  134,  V  5  No  3  Mar  91. 
Dean,  Francis  W. 

Boilers:  disc.      170,    171,  200-202,  V  13  Xo  3  Mar  99.     See  Reynolds, 

I.  H. 
Electrical  power  for  pumping  plants.      197-201,  V  10  Xo  3  Mar  96. 
Groined  arches.     414-417,  V  17  Xo  4  Dec  03. 
High-grade  pumping  engines:  disc.      184-186,  V  9  Xo  3  Mar  95. 
Pumping  engines:  disc.     234,  235,  V  11  Xo  3  Mar   97.     See  Loretz, 

A.  J.  L. 
Recent    practice     in    pumping    engines.       Ills.       85-104,    V    8    Xo    2 
Dec    93. 
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Recent   specifications  for  pumping  engines  for  St  Louis  Water  Works. 
Mo:  disc.  172-194,  V  11  Xo  2  Dec  96. 
Dean  and  Main.     Test  of  new  pumping  engine  (Waltham.  Mass).      171- 

173,  V  14  Xo  2  Dec  99. 
Decker,  John  H. 

Water  pipe  trenches.      77,  V  8  Xo  2  Dec  93. 
Died  8  May  01.     Obituan.'  455.  V  15  X^o  5  Sept  01. 
Defects  in  service  pipes  and  remedy.     Chace.  G.  F.     4i-45-  disc  45-55. 

V  12  Xo  I  Sept  97. 

Dennett,  Nathaniel.     Died  21  Feb  00.     Obituary-  375,  V  14  Xo  4  Jime  00: 

200.  V  15  Xo  2  Dec  00. 
Denton,  Prof  J.  E.     Xote  of  lecture  on  Croton  aqueduct.  X  Y.      12.  13. 

V  3  Xo  I  Sept  88. 

Depth  of  lead  in  pipe  joints.     H.\xcock.  J-  C..  and  others.     25.  26.  V  5 

Xo   I   Sept   90. 
Description  of  well  to  supply  Waltham.     Fuller.  F.  L.      1S3.  184.  V6 

Xo  4  June  Q2. 
Detecting  a  waste  of  water.     Cook.  B.  I.     22-24.  V  7  Xo  i  Sept  92. 
Diaphanometers.      Westox.    R.    S.     Turbidity    determinations    in    Xew 

(.)r;tans.      27-31.  V  17  Xo  i  Mar  03. 
Diatomaceae    in    surface   water.     Whipple,   G.  C.     212-215.  V  9   X'o  4 

June  95. 
Diatoms. 

Whipple.  G.  C.      Relation  of  light  to  groT\-th  of.     Diags  and  tables. 

1-24.  disc  25.  26,  V  II  Xo  I  Sept  96. 
Whipple,  G.  C,  and  Jacksox,  D.  D.     Asterionella,  effect  on  water 

supplies.     Diags.     1-23,  disc  23-25,  V  14  X^^o  i  Sept  99. 
Diesel  motor  (petroleimi  engine).     Coffix,  F.  C.     216,  217.  V  13  X'o  3 

Mar  97. 
X    E   W   W     A     Committee.      Preliminary    Table.      96.    V    16    Xo    2 

June  02. 
Dimensions    of     cast-iron    pipes    and   special    castings.     X    E    W  W    A 

standards.     Tables.     342-358.  V  16  Xo  4  Dec  02.  and  85-96.  V  17 

X'o  I    Mar  03. 
Direct  pumping  system    (Tatmton,   Mass  .     Chace.   G.    F.     67-75.   disc 

76-So.  V  6  Xo  2  Dec  91. 
Direct  river  pipe  and  its  effect  on   Taunton  water  supply.     Chace.  G.  F. 

1  7  9- 1 8 1 ,  V  6  Xo  4  June  9  2 . 

Disc  meters.     Xoyes.  A.  F.      103.  104.  V  ic  Xo  2  Dec  95. 

Disc  meters  better  than  rotary.     Atlantic  City  Water  Works.  X  J.      iiS. 

119.  V  12  Xo  2  Dec  97. 
Discharge    diagrams,  E    Jersey    Water    Co,  Macopin  intake    gate-house. 

Diag.  40.  V  S  Xo  I  Sept  03. 
Discharge  of  water  from  and    through  pipes:   formulas.     26,   27.  V   i  Xo 

2  Dec  86. 

Discharge  of  water  mains.     Ellis.  G.  A.      19-26.  V  i  Xo  i  Sept  86. 


26  NEW    ENGLAND    WATER    WORKS    ASSOCIATION. 

Disease  and  drinking  water. 

Mason,  W.  P.      139-144,  V  6  No  3  Mar  92. 

Sedgwick,  Prof  W.  T.      Disease  caused  by  pollution  of  water.      245- 

25s,  disc  255-265,  V  II  No  3  Mar  97. 
Water  as  a  vehicle  of  disease    (sanitation ,  nineteenth   century) .     315- 

337'  V  15  No  4  June  01. 
Smith,    Dr   T.     Water    borne    diseases    (cholera,    typhoid,    malaria). 
203-214,  disc  214-225,  V  10  No  4  June  96. 
Distributing  reservoirs.     See  Reservoirs. 
■Distribution  statistics  of  water  works. 

N  E  W  W  A  distribution  statistics.     Tables,  main  and  service  pipes. 
5a^  Statistics  of  water  works. 
Distribution  systems  of  water  works. 

Fuller,  F.  L.     Testing  water  pipes  in.      Ills.      330-335,  disc  335-338. 

V  II  No  4  Jime  97. 

Hill,  W.  R.     Things  to  be  done  in  construction.      36-39,  disc  40-48, 

V  13  No  I  Sept  98. 

Williams,  G.  S.     Design  for.     97-101,  disc  loi-i  15,  V  14  No  2  Dec  99. 
Diversion  of  water  from  streams. 

Hastings,   L.   M.      Method  of  estimating  loss  of  water  power  from. 
187-194,  disc,  diags  and  tables,  195-201,  V  7  No  4  June  93. 

Main,  C.  T.      199-201,  V  7  No  4  June  93. 
Dixon,  William.     Died  12  Sept  93.     Obituary  108,  V  8  No  2  Dec  93. 
Doane,  A.  O.      Driven  wells.      133,  134,  V  17  No  2  June  03. 
Doherty,  Cornelius  F.     Died  17  Nov  95.     Obituary  140,  V  10  No  2  Dec  95. 
Downey,  William.      Died  i  Oct  01.      Obituary  247,  V  16  No  3  Sept  02. 
Drainage  of  swamps  for  watershed  improvement.     Larned,   E.   S.     Ills. 

36-44,  disc  44-50,  V  16  No  I  Mar  02. 
Drinking   fountains    (Quincy,   Mass).     Speech   of   Dr   Faxon.      111-114, 

V  5  "No  3  Mar  qi- 

Drinking  water  and  disease.     5rr  Disease  and  drinking  water. 

Drinking  water  from  surface  water  supply.     Haskell,  J.  C.      137-155. 

V  II  No  2  Dec  96. 

Drinking  water.  Purification  of.     Sedgwick,  Prof  W.  T.      103-130,  V  7 

No  2  Dec  92. 
Driven  wells.     Sec  Wells,  Driven. 
Drown,  Prof  Thomas  M. 

Algcc  in  ponds  and  reservoirs:  disc.  204,  V  4  No  4  June  90. 
Biological  analysis  of  water:  disc.  56-58,  V  4  No  i  Sept  89. 
Chemical,  microscopical,  and  bacteriological  analysis  of  water.     79-91, 

V4  No  2  Dec  89. 
Covered  reservoirs:  disc.     53-56,  V  3  No  i  Sept  88. 
Effect  of  aeration  of  natural  waters.     Tables  and  disc.     96-102,  V  7 

No  2  Dec  92. 
Electrical  purification  of  water.      183-186,  disc  186-188,  V  8  No  4  June 
94- 
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Filtration  of  natural  waters.      91-99,  V  5  No  2  Dec  90. 

Filtration:  Virchow   and   Devonshire   processes.      81,   82,   V    5    Xo    2 

Dec  90. 
Hardness  of  water.      135,  V  6  No  3  Mar  92. 
Odor  and  color  of  surface  waters  (chemical  aspect).      3-15,  disc  15-29, 

V  2  No  3  Mar  88. 

Purification  of  water  by  freezing.      Tables.     46-52,  V  8  No  i  Sept  93. 
Water  supply  sources.      130,  131,  V  6  No  3  Mar  92. 
Dunham,  Dr  E.  K.      Statistics  of  bacteria  in  water  about  Boston.      14-19, 

V  2  No  _i  June  88. 

Durability  of  pipe.      Darling,  Edwi.x.      43,  trans  85. 

Duties  of  municipalities  regarding  water  supply.  Hall,  Hon  J.  O.  9- 
20,  V  17  No  I  Mar  03. 

Dwight,  Mayor  Henry  C.  Address  to  N  E  W  W  A,  10  Jitne  91,  Hart- 
ford, Conn.      I— 4,  V  6  No  I  Sept  91. 

Dwight  Printing  Co,  Ashland.  Diagram  of  development  of  steam  and 

water  power  before  and  after  diversion  from  pond.  198,  table 
200,  V  7  No  4  June  93. 

Dyer,  Charles  R.     Died  12  Sept  93.     Obituary  195,  V  8  No  4  June  94. 

East  Providence,  R  I,  filter  plant.     Weston,  E.  B.     111.     345-347,  V  14 

No  4  June  00. 
Eaton,  Horace  L.     Died  23  Nov  95.     Obitvtary  139,  V  10  No  2  Dec  95. 
Echo  Lake  dam,  Milford,  Mass.        Metcalf,  L.      146-156,  V   17   No  2 

Jtme  03. 
Economy  in  pumping  engines  as  based  on  latest  accomplishments.     Bar- 

Rus,  G.  H.      163-170,  disc  170,  171,  V  13  No  3  Mar  99. 
Economy  in  the  use  of  coal  for  the  production  of  power.     Hollis,  I.  N. 

32-40,  disc  40-43,  V  17  No  I  Mar  03. 
Economy  in  water-works   management.     Allis,    S.    M.      161-163,    V   6 

No  4  June  92. 
Eels  in  water  works  and  their  control.     Field,  Dr  G.  W.     Ills.     390-397, 

disc  398-405,  V  15  No  5  Sept  01. 
Effect  of  meters  on  water  consumption.     Bailey,  G.  I.     351-359,  V  15 

No  4  Jtme  o  i . 
Eglee,  Charles  H. 

Experience  in  back-filling  trenches.      186,  187,  V  12  No  3  Mar  98. 
Setting  hydrants,  Rochester  NY.      12,  V  4  No  i  Sept  89. 
Electrical  current.     Davis,  F.  A.  W.     225-231,  V  15  No  3  Mar  01. 
Electrical  power  for  pumping  plant.     Barrus,   G.    H.      195-197,   V    10 

No  3  Mar  96. 
Electrical  pumping  plant.     Hague,  C.  A.      184-195,  disc  195-202,  V  10 

No  3  Mar  96. 
Electrical  pumps.     Pitcher,  F.  H.     349-373,  V  17  No  4  Dec  03 
Electrical  purification  of  water.     Drown,  Prof  T.  M.      183-186,  disc  186- 

188,  V  8  No  4  June  94. 
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Electrolysis  of  pipes. 

Browxell,  E.  E.      From  facts  and  figures.      Ills.      363-367,  disc  367- 

372,  V  14  No  4  June  00. 
Davis,  F.  A.  W.     225-231,  V  15  No  3  Mar  01. 

Dayton,   Otiio,   Water  Works.      Electrolytic   destrviction.      370,   V    14 
No  4  June  00. 

Suit  for  damage  and  decision.      151-155,  V  16  No  3  Sept  02. 
Haskell,   J.   C.      Lynn  service  pipes.      278-281,   disc   281-286,   V   10 

No  4  June  96. 
Knudson,  a.  a.      Cause  and  effect  on  underground  pipes.      244-255, 

disc  255-271,  V  15  No  3  Mar  01. 
Manufacturers  Nat  Gas  Co.      Case  v  Indianapolis  Street  R  R  Co   for 

damages.      229-232,  V  15  No  2  Dec  00. 
Morse,  C.  H.      139-145,  disc  145-147,  V  7  No  3  Mar  93. 
Stone,  C.  A.,  and  Forbes,  H.  C.     25-36,  disc  36-43,  V  9  No  i  Sept  94. 
Storrs,  Prof  H.  A.     Diags.     33-42,  disc  42-47,  V  10  No  i  Sept  95. 
Wells,  G.  L.     Absence  in  improved  Wyckoff  pipe.     301,  V  13    No  4 
June  99. 
Elevators  and  motors.     Tubes,  J.  N.     Reasons  why  power  shotild  not 
be  furnished  from  municipal  water  works.      152-155,  disc  155-160, 
V  6  No  4  June  92. 
Eliminating    the    conflagration    hazard.     Crosby,    E.    U.     97-109,    disc 

110-118,  V  15  No  2  Dec     00. 
Ellis,  George  A.,  Pres  N  E  W  W  A.      Portrait.      280,  V  16  No  4  Dec  02. 
Address  at  special  meeting  N  E  W  W  A,  29  Jan  85,  Boston.      162-164, 

trans   85. 
Address  at  Amer  W  W  and  N  E  W  W  A  dinner,  21  Apr  85.    185-188, 

trans  85. 
Address  to  N  E  W  W  A,   18  June    85,    Springfield.      17-21,    tranS  85. 
Discharge  of  water  mains  as  determined  by  pressure  gages.      Diags. 
19-26,  V  1  No  I  Sept  86. 
■   Two  methods  of  obtaining  fire  protection.      27-31,  V  7  No  i  Sept  92. 

Water  waste  and  leakage.      38-40,  trans  83. 
Embankments    of    reservoirs.     Taylor,    L.    A.     Construction.     Diags. 

130-133,  disc  134-147,  V  8  No  3  Mar  94. 
Engineers  suppression  policy.     Sherman,  W.  B.     28-30,  trans  84. 
Engines.     Miller,  E.  F.    Waste  heat  engines.    44-50,  disc  50,  51,  Y  17 

No  I  Mar  03. 
English  covered  reservoirs.     Coffin,  F.  C.      252,  253,  V  14  No  3  Mar  00. 
EngUsh  filter  beds.     Leeds,  Dr  A.  R.     83,  84,  V  2  No  i  Sept  87. 
Epidemics  and  water  supply.     Skugwick,   Prof  W.   T.     315-337,  V   15 

Xi)  4  Jime  01. 
Erosion  and  its  effect  on  the  Pacific  slope.     Allis,  S.  M.      i 58-161,  V  3 

No   4   June   89. 
Eternal  vigilance  the  price  of  good  water.     Chace,  G.  F.      147-150,  V  0 
No  3   Mar  95. 
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European  water  supplies. 

Hazen,  a.      109-121,  disc  122-124,  V  9  No  2  Dec  94. 

LiNDLEY,  W.  H.      Report  to  Paris  Exposition.      33-39,  disc  39-44.  V  5 

No  I  Sept  go. 
Evans,  George  E. 

Manchester,  N  H,  high   service.      Ills  and   diags.      68-75,   V    10   No    i 

Sept  95.     See  Rice,  G.  S.,  and  Evans,  G.  E. 

Steel  pipe  u  cast-iron;  disc.      219,  223,  V  11  No  3  Mar  97. 
Everett  works  of  the  New  England  Gas  and  Coke  Co :    description.     03- 

96,  V  14  No  I  Sept  99. 
Excavating  in  quicksand.     Noyes,   A.    F.     Experience.     218,    219,  disc 

219,  220,  V  4  No  4  June  90. 
Excessive  consumption  of  water.     H.^skell,  J.  C.  231-233,  disc  233-239, 

Vol  9  No  4  June  95. 
Exhibits.     Sec  N  E  W  W  A,      Exhibits. 

Experience  with  a  sand  blast.     Ball,  Phixehas.      158,  V  3  No  4  June  89. 
Experience  with  a  stand  pipe.     Chase,  J.  C.     68-70,  V  8  No  2  Dec  93. 
Experience  with  water  hammer.   Farnham,  E.  E.  56-59,  V  6  No  i  Sept  91. 
Experiences  in  the  arid  Southwest.     Allis,  S.  M.     261-269,  V  12   No  4 

June  98. 

Factory  fire  supplies.     French,  E.  V.     Meters  in  fire  supplies  cause  loss 

of  pressure.      73-94,  disc  95-102,  V  12  No  2  Dec  97. 
Fairhaven  Water  Works,  Mass. 

CoGGESHALL,   R.   C.   P.     Fall  of  Water  tower.     Ills.     522-524,   V    15 

No   6   Dec  01. 
Nye,  J.  K.      175-180,  disc  180-182,  V  8  No  4  June  94. 
Fales,  Frank  L.     Tonawanda  Water  Works,  NY.     23,  V  4  No  i  Sept  89. 
Fall  River,  Mass,  water  tank.     Kieran,  Patrick.     Diag.      26-32,  V  2 

No   I   Sept  87. 
Fanning,  J.  T. 

Arrangement  of  hydrants  and  pipes  for  fire  protection:  disc.      79-81, 

V  7   No   I   Sept   92.  ^  ' 

Types  of  hydraulic  pumping  machinery.     Ills.    34-41,  V  i  No  t  Sept  86. 
Farnham,  E.  E. 

Electrolysis  of  water  pipes:  disc.     36-38,  V  9  No  i  Sept  94. 

Experience  with  water   hammer   (Sharon,  Mass).      56,  57,  disc  57-59. 
y  6  No  I  Sept  91. 
Faxon,     Dr     (Quincy,     Mass).      Drinking    fountains:     speech.      111-114, 

V  5  No  3  Mar  91. 

Field,  Dr  George  W.     Eels  in  water  works  and  their  control.     Ills.     390- 

397,  disc  398-405,  V  15  No  5  Sept  01. 
Filter  galleries  on  borders  of  rocky  ponds,  practicability  of. 
TiDD,  M.  M.      106-108,  V  5  No  3  Mar  91. 

Ball,  Phinehas.      Use  in  various  soils.      29-32,  disc  ^s,  34.  V  3  No   i 
Sept  88. 
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Filter  plants  and  filters. 

Ball,   Phinehas.      Soils  from  which  water  inay  be   drawn  by  filter 

galleries  or  driven  wells.      29-32,  disc  33,  34,  V  3  No  i  Sept  88. 
Clark,  H.  W.     Experience  with  filters  in  Lawrence,  Mass.     231-234; 

241-243,  V  12  No  4  June  g8. 

Removal  of  color,  organisms,  and  odor  from  water.      1-8,  V  17  No  i 
Mar  03. 
CoDD,  W.   F.     Wannacomet  Water  Works,  Nantucket.      Diag.      171- 

174,  V  8  No  4  June  94. 
Collins,    M.    F.       The    Lawrence  filter.       288-297,    V   17   No  3   Sept 

03- 
Fowler,  C.   E.     Slow  sand  filter  at  Poughkeepsie,   N  Y.      209-227, 

disc  227-244,  V  12  No  4  June  08. 
Fuller,  G.  W.     Relative  applicability  of  sand  and  mechanical  filters. 

32-43,  disc  43-53-  V  14  No  I  Sept  99. 
Hazen,  Allen.     Albany,  N  Y.     Diag  and  ills.      291-332,  V  14  No  4 

Jtine    00. 

Selection  of  sands  for.      165-168,  V  7  No  3  Mar  93. 
HoLLis,   F.   S.,   and  others.     Coke  for  removal  of  color  from  water: 
.     disc.      116-118,  V  13  No  2  Dec  98;   158,  159,  V  16  No  2  June  02. 
Hyatt  Pure  Water  Co,  filtering  apparatus.     77,  V  2  No  i  Sept  87. 
Knowles,  Morris.     Pittsburg,  Pa,  results  of  experiments.     Ills,  diags, 

and  tables.      148-184,  disc  185-188,  V  15  No  2  Dec  00. 
Mills,  H.  F.     Lawrence  Water  Works,  Mass,  filter  and  results.    Diags. 

44-55,  disc  56,  57,  V  9  No  I  Sept  94. 
National  Water  Purifying  Co  filters.      76,  V  2  No  i  Sept  87. 
NoRTHRUP,  F.  L.,  Milford,  Mass.     262-264,  V  10  No  4  June  96. 
Warsaw  Water  Works,  Russia,  covered  filter.      103,  V  7  No  2  Dec  92. 
West.on,  R.  S.      New  Albany,  Ind,  and  Louisville,  Ky.      15-18,  V  13 

No  I  Sept  98. 
Wheeler,   William.     Covered   sand   filter  at   Ashland,    Wis.      Diags 

and  tables.      301-327,  disc  327-329,  V  11  No  4  June  97. 
Filtration  of  sewage  by  bacterial  methods.     Kinnicutt,  L.  P.      119-141, 

dil^c  142-147,  V  15   No  2  Dec  00. 
Filtration  of  water.     Methods:  disc     30,  31,  V  2  No  3  Mar  88. 

Bancroft,  L.  M.     Iron  removal  plant,  Reading,  Mass.      294-300,  V  11 

No  4  June  97. 
Brush,  C.  B.     Aeration  and  filtration  of  water.     71-77,  disc  78-85, 

V  2  No  I  Sept  87. 
Clark,  H.  W.     A  few  words  on.     82-87,  V  14  No  i  Sept  99. 

Removal  of  iron  from  ground  waters.      277-280,  disc  280-284,  V   11 
No  4  June  97. 
Darling,  Edwin.     Djsc.  165-166,  V  3  No  4  June  89. 
Drown,  Prof  T.   M.      Filtration  of  natural  waters.      91-99,  V  5  No  2 

Dec  90. 

Virchow  and  Anderson  processes.      81,  82,  V  5  No  2  Dec  90. 
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FitzGerald,  D.,  and  others.     Coloring  naatter  in  water,  and  methods 

of  removal.      156-163,  V  16  No  2  Jvine  02. 
Hazex,  Allex.      Removal  of  color  by  filtration.      32-34,   V  12  No  i 

Sept   97. 
Rogers,  H.  W.     54-59,  disc  59-63,  trans  84. 
Sedgwick,  Prof  W.  T.     Of  surface  waters.     33-39.  disc  39-44,  V  5 

No  I  Sept  90. 

History  of.     331-336,  V  15  No  4  June  or. 

Purification  of  water  by.      103-130,   V  7  No  2  Dec  92. 

Water  supply  sanitation  in  nineteenth  century.      315-337,  V  15  No  4 
June  01. 
SwARTS,  Dr  G.  T.      Man's  imitation  of  nature.      1-14,  di,sc  15-19,  V  13 

No    I    Sept    98. 
TiDD,  M.  M.      Practicabilit}-  of  filter  galleries  on  borders  of  rocky  ponds. 

106-108,  V  5  No  3  Mar  91. 
Weston,  E.  B.     Mechanical  (svilphate  of  alumina).     Diags.     333-353, 

disc  354-362,  V  14  No  4  June  00. 
Weston,  R.  S.     Water  supply  of  New  Orleans,  and  its  improvement. 

157— 171,  disc  171— 173,  V  17  No  2  June  03. 
Financial  management  of  water  works.     Coffin,  F.  C.     Statistics.     63- 

86,  disc  87-98,  V  II  No  I  Sept  96. 
Fire  boats.     McInnes,  F.  A.     Boston  salt  water  fire  sj'stem.     304-313, 

V  13  No  4  June  99 
Fire  engines,  steam  hydrants,  and  hose  capacity  tests  and  tables.  Brackett. 

Dexter.      151-162,  V  9  No  3  Mar  95. 
Fire  protection. 

Atkinso.x.      Edward.      Relation     of    water- works    engineers    to    fire 

service  of  factories.      58-63,  disc  63-83,  V  17  No  i  Mar  03. 
Chace,  G.  F.      Handling  fires  while  changing  mains,  Taunton,  Mass. 

230-233,  V  10  No  4  June  96 
Crosby,  E.  U.     Eliminating  the  conflagration  hazard.     97-109,  disc 

110-118,  V  15  No  2  Dec  00. 
Ellis,  G.  A.     Two  methods  of  obtaining:  by  direct  high  pressure  from 

water-works  pumps  in  combined  pumping,  and  reservoir  or  stand- 
pipe  systems.     27-31,  V  7  No  i  Sept  92 
Foster,  Joel.     By  whom  should  it  be  paid?     270-272,  V  12   No  4 

June  98. 
Freeman,  J.  R.     Arrangement  of  hj'drants  and  pipes  for  fire  protec- 
tion.    Diags.      49-77,  disc  77-81,  V  7  No  i  Sept  92. 

Arrangement  of:  disc.      152-164,  V  7  No  3  Mar  93 

For  manufacturing  establishments:  disc.     176-179,  V  7  N  03  Mar  93. 
Gerhard,  W.  P.      For  theaters  and  water  service.      77-92,  V  9  No  2 

Dec   94. 
Haskell,  J.  C.      Water  supply  at  fires.      47,  48,  V  7  No  i  Sept  92. 
Knoxville  Water  Co.     Applied  to   private   plants.      299,   V   16   No   4 

Dec  02. 
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McIxxES,  F.  A  Boston  salt  water  fire  system.  304-313,  V  13  No  4 
June  gg. 

New  Bedford,  Mass,  city   regulations.      431-435,  V  15    No    5  Sept  01. 

N  E  W  W  A.  Reports,  etc.  See  N  E  W  W  A,  com  on  fire  pro- 
tection. 

N  E  W  W  A,  fire   pipe  committee.      Private   fire   services.      201,   202, 

V  17  No  2  June  03. 

Providence,  R  I,  regulations.     436-438,  V  15  No  5  Sept  01. 

San    Francisco,    Cal,  regulations  for   private    fire  supplies.      435,  436, 

V  15    No    5    Sept    01 

Springfield,  Mass,  fire  department.      Hose  discharge  experiments.      152, 

trans  85. 
Tryon,  James.     What   a  water  supply  engineer  can  do  for  the  fire 

department.     93-102,  V  9  No  2  Dec  94. 
Weston,  E.   B.      Separate  high  pressure  system  of  Providence,  R  I. 

Diags.      85-91,  disc  91-93,  V  13  No  2  Dec  98. 
Fire  services.     Should  they  be  metered  ? 

CoGGESHALL,  R.  C.  P.,  and  others:  disc.      27-33,  ^  ^  No  i  Sept  91. 
Walker,  C.  K.,  and  others:  disc.      342,  343,  V  11  No  4  June  97. 
Fire  streams.     Freeman,  J.  R.     Experiments  and  practical  tables.     95- 

167,  disc  168-171,  V  4  No  3  Mar  90. 
Fire  supplies. 

Cgggeshai.l,  R.  C.  p.,  and  others.      Private  and  insurance  regulations: 

disc.      193-197,  V  9  No  4  June  95. 
Hammond,  J.  C.,and  others.     Private  fire  supply  charges  and  control 

of  service:  disc.     406-440,  V  15  No  5  Sept  01. 
Hawes,  W.   M.     Liability  of  town  for  insufficient  svipply.      104-106, 

V  5  No  3  Mar  91. 

French,  E.  V.      In  manufactories,  meters  and  loss  of  pressure.      74-94, 

disc  95-102,  V  12  No  2  Dec  97. 
McInnes,    F.    a.     Fire  system  (salt  water)  of  Boston,  Mass.     Diags. 

304-313,  V  13  No  4  June  99. 
Fish  in  pipes  (March  and  June) .     61,  trans  84. 

Jones,  E,  R.     Experience.     81,  V  5  No  2  Dec  90. 
Fish  traps  and  meter  obstruction.     French,  E.  V.     86-88,  V  12  No  2 

Dec  97. 
FitzGerald,  Desmond,  Pres  N  E  W  W  A. 

Address  to  N    E  W  W    A,    8    Jan    96,    Boston.      147-149,  V  10  No  3 

Mar   96. 
Address  to  N  E  W  W  A,  10  June    96,   Lynn.      101-109,    V    11    No    i 

Sept  96. 
Chemical  analysis  of  water.      24,  25,  V  2  No  3  Mar  88. 
Coloring  matter  in  water  and  removal.      156-163,  V  16  No  2  June  02. 
Covered  reservoirs.      127,  128, V8  No  3  Mar  94. 
Covington  reservoir  water.     77,  V  5  No  2  Dec  90. 
Description  of  Croton  aqucdvict,  N  Y.      106-108,  V  1 1  No  i  Sept  96. 
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Desirability  of  water  meters.      59,  V  5  No  i  Sept  90. 

Diversion   of  water  from   streams  for  city  stxpply.      Diags  and  table. 

201,  V  7  No  4  June  93. 
Effect  of  storage  on  quality  of  water.      124,  125,  V  5  No  3  Mar  91. 
Filtration  of  water.      78,  V  2  No  i  Sept  87. 
Filtration  of  water  supplies.      40,  41,  V  5  No  i  vSept  90. 
Lawrence  Water  Works,  Mass,  filter  results.      56,  57,  V  9  No  i  Sept  94. 
Meters:  disc.  59,  V  5  No  i  Sept  90. 
Micro-organisms   and   effect    on   water   supply.      216-218,    V   9    No   3 

June   95. 
Purification  of  surface  water  by  natural  forces.      150-155,  V  11  No  2 

Dec  96. 
Rainfall :/ amount  available  for  water  supply.     41-48,  disc  48-54,  V  i 

No  I  Sept  86. 
Remarks  at    Amer  W  W  A  and  N  E  W  W  A  dinner,   21  Apr  85.      213- 

215,  trans  85. 
Remarks  on  Sedgwick's  biological  analysis  of  water.      19-21,  disc  21, 

22,  V  2  No  4  June  88. 
Remarks  on  Sedgwick's  recent  progress  in  biological  water  analysis. 

60-64,  V  4  No  I  Sept  89. 
Report   on    capacity  of    Stidbury  river    and    Lake   Cochituate   water- 
sheds in  time  of  drought.      Diags.      12-21,  tables  22-32,  V  2   No  2 

Dec  87. 
Reservoir  embankment   and  earth  dam  construction.      1 41-147,  V  8 

No   3   Mar  94. 
Restriction  of  water  waste.      63-67,  V  i  No  i  Sept  86 
Sand  and  mechanical  filters.      49-52,  V  14  No  i  Sept  99. 
Sinking  fund  tables.      185,  186,  V  6  No  4  June  92. 
Visit  to  Croton  aqueduct,  N  Y.      161,  162,  V  3  No  4  June  89. 
Water  hammer.      77,  78,  V  i  No  i  Sept  86. 
Fixtures,  House,  inspection  of.     Allis,  S.  M.,  and  others.     Disc.    .34-37, 

table  38,  V  6  Xo  i  Sept  91. 
Flanges  (standard)  for  water  pipes.     Coffin,  F.  C.     Diags.  48-51,  V  6 

No  I  Sept  91. 
Flood   water   channel   of   the   Altoona   reservoirs.    Pa.     Knight,   C.    W. 

Ills,  diags.      151-162,  V  14  No  2  Dec  99. 
Flow  of  water  in  36-inch  and  30-inch  compound  pipe:  measurements, 

Hastings,    L.    M.    (Diags    of   velocity     curves.     Dwight    Porter). 

189-194,   V  8   No   4  June   94.      Remarks  of  G.   A.    Ellis.      58-60. 

Reply  of  L.  M.  Hastings.     61.  62,  V  9  No  i  Sept  94. 
Flower,  Maj   Lamorock   (London).      Watershed  areas  as  boundaries  for 

sanitary  districts.      131,  132,  V  13  Xo  2  Dec  98. 
Flushing  street  mains:  necessity  and  methods. 
Brown,  J.  H.      Di.sc  70,  71,  trans  85. 
Hancock,  J.  C.      Springfield,  Mass.      71-73,  trans  85. 
HowLAND,  A.  H.     Terre  Haute,  Ind.      91,. 92,  trans  85. 
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Folly  of  reckoning  by  gallons.     Brooks,   Frederick.     258-267,   V    17 

No  3  Sept  03. 
Foran,  George  J.     Comparison  of  high  and  low  duty  pumping  engines  on 

a  small  water-works  plant.      166-169,  V  14  No  2  Dec  99. 
Forbes,  Fayette  F.,  Pres  N  E  W  W  A. 

Address  to  N  E  W  W  A  eighteenth  annual  convention.      180-184,  V  14 

No  2  Dec  99. 
Appearance   of   chara   fragilis   in    reservoirs   of   public   water   supply. 

252-254,  V  10  No  4  June  96. 
Cement-lined    service    pipes    (Brookline).      44-48,    disc     48-57,    V    15 

No   I    Sept  00. 
Covered  reservoir  at  Brookline.      113-117,  diags  127,  V  8  No  3  Mar  94. 
Diatoms,  Brookline  reservoir.      25,  V  11  No  i  Sept  96. 
Driven  wells  as  a  sotirce  of  water  supply.      141,  142,  disc  142-144,  V  5 

No  3  Mar  91. 
Driven  wells  at  Brookline.      195-199,  disc  199-201,  V  11  No  3  Mar  97. 
Frictional  head  in  a  force  main.     Tables.      164,  165,  disc  165-167,  V  6 

No  4  June  92. 
Galvanized  pipes  in  driven  wells.      143,  144,  V  5  No  3  Mar  91. 
Improvement  in  pumping  engines.      157-162,  V  13  No  3  Mar  99. 
Lead  poisoning  by  water  from  lead  service  pipes.      58-60,  disc  60-62, 

V  15  No  I  Sept  00. 

Relative  taste  and  odor  imparted  to  water  by  some  alg£c  and  infusoria. 

90-96,  disc  96,  97,  V  6  No  2  Dec  91. 
Study  of  alga?  growth  in  reservoirs  and  ponds.      Diags.      196-204,  disc 

204-210,  V  4  No  4  June  90. 
Forbes,  Howard  C,  joint  author  with  Stone,  Charles  A.     Electrolysis  of 

water  i)i])cs.      Diag.      25-36,  disc  36-43,  V  9  No  i  Sept  94. 
Forests,  Influence  on  rainfall  and  the  flow  of  streams.     Swaix,  Prof  G.  F  . 

1 1-26,  V  I  No  3  Mar  87. 
Foss,  W.  E,      Electrolysis  of  water  pipes:  disc.      368,  V  14  No  4  June  00. 
Foster,  Joel.      Fire  protection;  by  whom  should  it  be  paid?     270-272, 

V  12  No  4  June  98. 

Foundry  committee.     See  N  E  W  W  A,  com  on  pipe  specifications,  etc. 
Fowler,  Charles  E.     The  operation  of  a  slow  sand  filter  (Poughkeepsie, 

N  Y).      209-227,  disc  227-244,  V  12  No  4  June  98. 
Franklin  Water  Works,  N  H. 

Coffin,  F.  C.     Covered  reservoir.      254,  255,  V  14  No  3  Mar  00. 
Fuller,  F.  L.      160,  161 ,  disc  161 ,  162,  V  5  No  4  June  91 ;  82-87,  V  7 
No  I  Sept  92. 
Freeman,  John  R. 

Arrangement  of  hydrants  and  pipes  for  fire  protection.      Diags.      49-77, 

disc  77-81,  V  7  No  I  Sept  92.      Disc.    152-164,  V  7  No  3  Mar  93. 
Bursting  of  Portland  rcserv(nr,  Me.      Diags.      148-152.  disc   152-154, 

V  8  No  3  Mar  94. 

Curved  pijje  ex])erimcnts.      i  14,  V  14  No  2  Dec  99. 
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Direct  pumping  systems.      76,  V  6  No  2  Dec  91. 

Diversion  of  water  from  streams  for  cit}'  supplies.      196-198,  V  7  No  4 

June  93. 
Fire  protection  for  manufacturing  establishnients.      176-179,  V  7  No  3 

Mar  93. 
Fire  streams:  some  new  experiments  and  practical  taVjles.      Diags.      95- 

167,  disc  168-17 1,  V  4  No  3  Mar  90. 
Meters  in  fire  services:  disc.      27-33,  V  6  No  i  Sept  91. 
Minimum  size  of  mains:  disc.      18-20,  V  6  No  i  Sept  01. 
Reservoir  embankment  con.struction.      134,  135,  V  8  No  3  Mar  94. 
Freezing  of  hydrants.     See  Hydrants, 

Freezing  of  pipes:  prevention.      G.  A.  St.\cv.      201-203,  ^  i-  ^o  3  ^^^^  Q^- 
Freezing,  Purification  of  water  by.     Drowx,  Prof  T.    M.     46-52,    V    8 

No    I  Sept   93. 
French,  E.  V. 

Gravity  system  for  fire  protection.      91,  92,  V  13  No  2  Dec  98. 

Loss  of  pressure  caused  by  meters  in  factory  fire  supplies;  resvilt  of 

test;  diags.      73-94,  disc  94-102,  V  12  No  2  Dec  97. 
Private  fire  supplies  and  charges:  disc.      406-431,  V  15  No  5  Sept  01. 
French  covered  reservoirs.     Coffin.  F.  C.      253,  V  14  No  3  Mar  00. 
Frequency  of  main  valve  examination:  disc.      70,  71,  V  i  No  i  Sept  86. 
Fresh  Pond,  Cambridge,  Mass.     Nevons,  Hir.\m.     212,  213,  V  4  No  4 

June   90. 
Friction  in  collecting  meter  rates.     Ch.\ce,  G.  F.     44-50,  V4  No  i  Sept  89. 
Friction  in  fire   hose:    tables.       Freeman,  J.    R.       108-111.  V  4    No   3 

Mar   90. 
Friction  in  several  pumping  mains.      Coffix,   F.   C.      Diags  and  tables. 

234-243,  V  10  No  4  Jtme  96. 
Friction  loss  in  separate  fire  service  pipes:  disc.     Westox,   E.   B.,  and 

others.      91-93,  V  13  No  2  Dec  98. 
Frictional  head  in  a  force  main.     Forbes,  F.  F.     Table.      164,  165,  disc 

165-167,  V  6  No  4  June  92. 
Frost,  Mr.      Public  and  private  water  works:  disc.      20,  21,  V   4    No    i 

Sept   89. 
Frost,  Protection  of  pipes  from.     E.  R.  Jones.      125-127,  V  3  No  3  Mar  89. 
Frozen  hydrants. 

Bailey,  G.  I.      Ill  and  table.      1 16-123,  ^  14  No  2  Dec  99. 
Stacy,   G.    A.      Location   and   examination   of.      222-224,    V   7    No   4 
June   93. 
Frozen  pipes  during  spring  thaw. 

Richards,   W.    H.,  and  others.      Experience.      276,    277,    V  10    No    4 

June   96. 
Walker,  C.  K.     Thawing  service  pipes:  experience.      220,  V  7  No  4 
June  93. 
Fteley,  Alphonse.     Note  of  address  on  Croton  aqueduct,  N  Y.      16,  V  5 
No  I  Sept  90. 
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Fuel. 

Sherman,  W.  B.      Pumping  engine  duties  and  consumption    of    fuel. 

23,  24,  trans  83. 
Coal.      HoLLis,  I.   N.      Economy  in  the  vise  of  coal  for  production  of 

power.      32-40,  disc  40-43,  V  17  No  i  Mar  03. 
Peat.     Atkinson,    Edward.     Fuel:   what   we   don't   know  about   it. 
180-195,  disc  195-200,  V  17  No  2  June  03. 
Fuel  value.      Barrus,   G.    H.      Calorific   determination   of.      48-51,   disc 

51-54,  V  10  No  I  Sept  95. 
Fuertes,  Prof  E.  A.      Hydraulic  laboratory  of  Cornell  University,  Ithaca, 

N  Y.     Ills.      195-205,  V  14  No  3  Mar  00. 
Fuller,  Frank  E.      Died  i  Aug  02.      Obituary,  247,  V  16  No  3    Sept    02. 
Fuller,   Frank   L. 

Back  filling  trenches:  ramming  and  tamping.   171-1  73,V  6  No  4  June  92. 
Covered  reservoir  at   Franklin,   N    H.      160-161,   disc    161,    162,   V    5 

No  4  June  91. 
Covered  reservoir  at  Methuen.      123,  V  8  No  3  Mar  94. 
Covering  Natick  reservoir  with  concrete  roof.      383-397,  disc  398-417, 

V  17  No  4  Dec  03. 

Discussion  of  Mr  Venner's  paper  on  municipal  use  and  waste  of  water. 

374-377.  V  17  No  4  Dec  03. 
Excessive  consumption  of  water.      236,  V  9  No  4  June  95. 
Franklin  Water  Works,  N  H.     Diags.     82-87,  V  7  No  i  Sept  92. 
Furnishing  motor  power  from  municipal  stipply.      156,  157,  V  6  No  4 

June   92. 
Laying  lo-inch  pipe  in  Leicester,  Mass.      190,  191,  V  4  No  4  June  90. 
Lead  service  pipes.      26,  27,  V  6  No  i  Sept  91. 
Life  of  service  pipes:  experience.      221,  V  7  No  4  June  93. 
Mechanical  filtration.      358-360,  V  14  No  4  June  00. 
Ratio  of  pumping  capacity  to  maximum  consumption :  disc,      i  lo-i  1 2 , 

V  3  No  3  Mar  89.     See  Sherman,  W.  B. 

Sinking  fund  tables.      103-105,  disc  105-110,  V  12  No  2  Dec  97. 
Testing  water  pipe  distribution  systems.      111.      330-335,  disc  335-338, 

'V  II  No  4  June  97. 
Waltham  supply  well.      183,  184,  V  6  No  4  June  92. 
Ware  Water  Works,  Mass.     49-62,  disc  62,  63,  V  2  No  i  Sept  87. 
Water  pipe  trenches.      76,  V  8  No  2  Dec  93. 
Water  supply  sources.      128,  V  6  No  3  Mar  92. 

.Webster  Water  Works,  Mass.     Tables  and  plan.      240-247,  V  9  No  4 
June   95. 
Fuller,  George  W.      Relative  applicability  of  sand  and  mechanical  filters. 

32-43,  disc  43-53.  V  14  No  I  Sept  99. 
Fuller,  William  B.      Groined  arches.      412-417,  V  17  No  4  Dec  03. 

Gages. 

Ellis,  G.  A.      Discharge  of  mains  determined  by  pres.sure  gages.      19- 
26,  V   I   No  I   Sept  86. 
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Gould,  J.  A.      Recording  gages.      65-69,  V  5  No  i  Sept  90. 

Perry,  F.  G.      Recording  pressure  gages:  use  and  advantage.      255- 

257,  disc  257-261,  V  10  No  4  June  96. 
Seymour,  C.  W.  S.      Experience  with  anchor  ice  and  a  recording  pres- 

sttre  gage,  Hingham.      223-225,  V  9  No  4  June  95. 
WixsL0\v,  G.  E.      Use  of  air  in  pressure  gages.      248,  V  9  No  4  June  95. 
Gale,  James  M. 

Glasgow  Water  Works,  Scotland.      240-251,  V  14  No  3  Mar  00. 
Died  7  Sept  03.     Obituary  303,  V  17  No  3  Sept  03. 
Galvanized    pipe. 

Forbes,  F.  F.      Galvanized  pipe  in  driven  wells.      143,  144.  V  5  No  3 

Mar  91. 
Newton  Water  Works:  experience.      201,   V   11   No  3  Mar  97. 
Gardner,  Edwin  P.      Light  for  night  work.      168-170,  V  7  No  3  Mar  93. 
Gardner,  L.  H.,  Pres  Amer  W  W  A. 

Address  at  dinner  of  Amer  W  W  A  and  N  E  W  W  A,  2  i  Apr  85.      188- 

195,  trans  85. 
The  soft  answer:    experience  of  superintendents  of  water  works.      129- 
131,  V  5  No  3  Mar  91. 
Garrett,  Jesse. 

Making  cast-iron  pipe.      Ills.      27-54,  disc  55-62,  V  11  No  i  Sept  96. 
Died  27  Apr  99.     Obituary  350.  V  13  No  4  June  99. 
Gas,  gasoline,  and  oil  engines  applied  to  pumping  machinery.     Coffix, 

F.  C.     Diag.     206-217,  V   13   No  3  Mar  99. 
Gas  works.      N  E  Gas  and  Coke  Co,   Everett  works.      93-96,  V  14,  No  i 

Sept  99. 
Gasoline  pumping  plant.     Codd,  W.  F.     Nantucket  Water  Works.      174- 

176,  V   16  No  3   Sept  02. 
Gate  chamber.     Saville,  C.  M.     204-208,  V  16  No  3  Sept  02. 
Gate   houses. 

Hersciiel,   Clemens.     Newark,   N  J.     E  Jersey  Water  Co.     Diags. 

iS-40,  V  8  No   I   Sept   93. 
Howard,  J.  L.     Middlesex  Fells  reservoir,  Met   Water  Works.     111. 
29-32,  V  15  No   I  Sept  00. 
Gate  packing.     71,  V  i  No  i  Sept  86. 

Gate  plan,  Lowell  Water  Works,  Mass.      1885.     74,  trans  85. 
Gates,  Breaks  in. 

Maxxixg,  G.  E.      135-1371  V  16  No  2  June  02. 

Nevoxs,    Hiram.     Thirty-inch   gate  Fresh  Pond,  Cambridge:   experi- 
ence.     212,   213,  V  4  No  4  Jtme  90. 
Walker,   C.    K,     Manchester,    N  H,    20-inch.       135-137.  V   16  No  2 
June  02. 
Gates  and  specials.     Method  of  location:  disc.      13-15,  V  3  No  i  Sept  88. 
Gauges.     See  Gages. 

Gavel    presented    to    N   E  W   W   A    by  Amer  W  W  A,    3   June   89.     6, 
V  4  No  I  Sept  89. 
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Gem  or  torrent  meters  recommended.     French,  E.  V.     94,  V  12  No  2 

Dec    97. 
Geographical  distribution  of  N  E  W  W  A  members.     32-35,  V  16  No  i 

Mar    02. 
Gerhard,  William  Paul.     Water  service  and  iirc  protection  for  theaters. 

77-92,  V  9  No  2   Dec  94. 
Gibbs,  Harry  F.      How  to  obtain  the  best  results  in  small  pumping  stations 

(Natick,  Mass).      Diags.      167-173,  V   16  No  3  Sept  02. 
Gilbert,  Julius  C.      Electrolysis  of  pipes:  disc.      43-46,  V  10  No  i  vSept  95. 
Gill   regulator,  Tegel    Water   Works,    BerUn.      Sedgwick,     Prof   W.    T. 

Plate  V.      122,   V   7   No   2   Dec   92, 
Glasgow  Water  Works,   Scotland.     Gale,  J.   M.      240-251,   V   14   No   3 

Mar  00. 
Glover,  Albert  S. 

Charge  for  hj^drant  service;  disc.      28,  V  i  No  i  Sept  86. 
Water-works  records.      69-79,  V  4  No  2  Dec  89. 
Good  water  obtainable  only  by  eternal  vigilance.     G.  F.  Chace.      147-150, 

V  9  No  3   Mar  95. 

Goodnough,  X.  H.      Some  results  of  the  systematic  examination  of  public 

water  supplies.      65-78,  disc  78-81,  V  14  No  i   Sept  99. 
Goss,  Prof  W.  F.  M.      Abstract  from  report  on  test  of  Snow  pumping 

engine  (Indianapolis,  Ind).      49,  50.  V  13  No  i  Sept  98. 
Gould,  John  A. 

Boston  Water  Works,  water  hammer  and  remedy.      57,   58, V  6  No   i 

Sept   9 1 . 
Recording  gages.      Diags.      65-69,  V  5  No   i   Sept  90. 
Gow,  Frederick  W. 

Cement-lined  pipe:  disc.      11 3-1 17,  trans  85. 

Laying   a    lo-inch  high   service   pipe   across    (Mystic)   river,   Medford. 
195 ,  196,  disc  196-203,  V  12  No  3  Mar  98. 
Gow,  Robert  M.      Died  6  June  92.      Obituary  88,  V  7  No  i  Sept  92. 
Gowing,  E.  H. 

Back  filling  trenches.      173-177,  disc  177,  178,  V  12  No  3  Mar  98. 
How  I  reduce  pressure  on  a  gravity  system.      139-142,  disc  142-145, 

V  17   No   2  June  03. 

Laying  pipe  across  Maiden  river,   Mass:  experience.      257-259,   V    12 

No  4  June  98. 
Laying  pipes  across  a  stream:  disc.      135-140,  V  5  No  3  Mar  91. 
Standard    specifications    for    water    works.      168-17 1,    disc    1 71-178, 

V  6  No  4  June  92. 

Grannis,  Sherman  E.     Died  10  Aug  93.     Obituary  53,  V  8  No  i  Sept  93. 
Grant,  Hon  Alexander  L.     Address  to  N  E  W  W  A,  14  June  03.      118, 

V  17  No  I  Mar  03.^ 
Gravity  system. 

Gowing,  E.  H.     How  I  reduce  pressure  on  a  gravity  system.      139- 
142,  disc  142-145,  V  17  No  2  June  03. 
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Weston,    E.    B.      Gravky    sj'stem    for    fire    protection.      85-90,    disc 

91—93,  V  13  Xo  2  Dec  98. 
Whitlock,   F.   W.     Gravity   system  of  Waterbury,   Conn.      80,   V   5 

No  2  Dec  90. 
Griffin,  S.  P.     Laying  a  30-inch  supply  main  (Lowell,  ^Lass).      186,  187, 

V  6  No  4  June  92. 

Groined  arches.      Metcalf,  Leonard,  and  others.    398-417,  V  17  No  4 

Dec  03. 
Groove   in   hub  of   pipe.     Hill,  W.  R.,  and  others:  note.     36,  disc  40, 

V  13  No  I  Sept  98. 
Ground  water  supplies. 

Bowers,     George.      Undergroimd     water.      127-132,     disc     132-137, 

V  17   No   2   June  03. 

Clark,    H.   W.      Iron   removed   from,   by   coke   filters.    277-280,    disc 

280-284.  V  II  No  4  June  97. 
Hawes,   L.    E.      Provincetown,   Mass.      285-290,   disc   291-293,   V    11 

No  4  Jtme  97. 
HoLLis,  F.  S.     Color  in.      Diags.      99-101,  V  13  No  2  Dec  98. 
Growth  of  organisms  in  Boston  water  pipes.     Whipple,   G.   C.      1-17, 

disc  17-19,  V  12  No  I  Sept  97. 
Grush,  Benjamin  S.      Died  3  May  91.     Obituary  64,  V  6  No  i  Sept  91. 

Hague,  Charles    A.    Electrical    pumping   ]j]ant.    184-195,    disc   195-202, 

V  10  No  3  Mar  96. 
Hale,  R.  A. 

Anchor  ice:  experience      (Lawrence,  Mass).      275,  V  10  No  4    June  96. 
Formation  of  ttibercles  in  iron  and  steel  penstocks.      Diag.      244-251, 

V  10  No  4  June  96. 

Halifax,  N  S,  scraper.     Keating,  E.  H.     22,  V  5  No  i  Sept  90. 

Hall,  Frank  E.,  Pres  N  E  W  W  A.     Portrait.     278,  V  16  No  4  Dec  02. 

Address  to  N  E  W  W  A,  19  June  84,  Lowell.      13-15,  trans  84. 

Charge  for  hydrant  service:  disc.      29,  V  i  No  i  Sept  86. 

Chemical  analysis  of  water.      28,  V  2  No  3  Mar  88. 

Diversion  of  water  from  streams  for  city  supplies:  disc.   198,  V  7  No  4 
June   93. 

Merits  of  various  kinds  of  street  mains.    io7-ii2,disc  1 1 2-1 17,  trans  85. 

Public  and  private  water  works.      17-24,  V  4  No  i  Sept  89. 
Hall,  Mayor  John  O.   (Quincy,  Mass.). 

Address  of  welcome  to  N  E  W  W  A,  Boston.     387,  388,  V   16  No  4 
Dec  02. 

Address  to  N  E  W  W  A,  20  Sept  00,  Portland,    Me.      218-220,    V    15 
No  2  Dec  00. 

Duties  of  mimicipalities  regarding  water  supply.      9-17,   disc    17-20, 

V  17  No  I  Mar  03. 

Reciprocal  obligations  of  the  management  of  a  water  stipply  systein 
and  the  community.      338-348,  V  17  No  4  Dec  03. 
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Hamburg-Altona   Water   Works.      Sedgwick,    Prof   W.    T.      Plate    IX. 

130,  V  7  No  2  Dec  Q2. 
Hammatt,    E.    A.    W.      Back    filling   trenches.      160-165,    disc    166-172, 

V  12  No  3  Mar  98. 

Hammond,  J.  C,  Jr,  and  others.    Private  fire  supply  charges  and  control 

of  service:  disc.      406-440,  V  15  No  5  Sept  01. 
Hancock,  Joseph  C. 

Cast  iron  v  cement  pipe:  disc.      56,  V  5  No  i  Sept  90. 

Depth  of  lead  necessary  in  pipe  joints.      25,  disc  25,  26,  V  5  No  i  Sept 

90. 
Effect  of  water  hammer  on  main  pipes,  and  remedy.      11,  disc  11-14, 

V  5  No   I  Sept  90. 

Flushing  street  mains  (Springfield).      71-73.  trans  85. 

Inquiry  in  relation  to  size  of  pipes  for  Springfield  water  main.      150- 
153-  V  3  No  4  June  89. 

Risks  taken  by  city  or  town  in  having  but  one  supply  main.      59-62, 
disc  62,  63,  V  6  No  I  Sept  91. 

Waste  of  water:  disc.      56,  57,  V  i  No  i  Sept  86. 

Died  12  July  02.      Obituary  247,  V  16  No  3  Sept  02. 
Handling  fires  while  changing  mains.     230-233,  V  10  No  4  June  96. 
Hardness  of  water.     Drown,  Prof  T.  M.      135.  V  6  No  3  Mar  92. 
Harlow,  Mellen  S.      Died  29  Dec  00.      Obituary  298,  V  15  No  3  Mar  01. 
Harrington,  John  L. 

Experience  with  sand  blast.      166,  167,  V  3  No  4  Jvme  89. 

Laying  siphon  under  Broad   canal,    Cambridge.      Diags.      90-95,   V  7 
No  2  Dec  92. 

Died  16  Aug  95.      Ot)ituary  76,  V  10  No  i  Sept  95. 
Haskell,  John  C,  Pres  N  E  W  W  A. 

Address  to  N  E  W  W  A,   8  Sept  97,    Newport,    R    I.      57-60,    V    12 
No  I  Sept  97. 

Cleaning  reservoirs:  disc.      29,  30,  V  12  No  i  Sept  97. 

Control  of  hydrants  by  firemen:  disc.      144,  V  10  No  3  Mar  96. 

Cost  of  operating  sand  filters:  disc.      238,  239,  241,  V  12  No  4  June  98. 

Distributing  sy.stems.      loi,   103-106,   108-115,  V   14  No  2   Dec  99. 

Electrolysis  (Lynn).  278-281,  disc  281-286,  V  10  No  4  June  96. 

Experience  with  cement-lined  pipe.      1 71-173,  disc  173-175,  V  7  No  3 
Mar  93. 

How  to   secure   ]jure   water  from,  a  .surface  water  supply.      137-144, 
disc   144-155,  V   II   No  2  Dec  96. 

Lynn  fire  supply.      169,  170,  V  4  No  3  Mar  90. 

Lynn  pumping  engine  fovmdation.      163,   164,  V  5  No  4  June  91. 

Lynn  water  supply.      55-63,  disc  63,  64,  V  10  No  i  Sept  95. 

Meter  over- registration.      98,   101-T06,  V  10  No  2  Dec  95. 

Reduction  of  excessive  consumption  of  water.      23.1-233,  disc  233-239, 

V  9  No  4  June  95. 

Removing  organisms  from  water:  disc.      216-219,  V  14  No  3  Mar  00. 
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Surface  water  supplies  of  Mass.      70-S4,  V  13  No  2  Dec  98. 
Systematic   examination    of   public    water   supplies:    disc.      81,    V    14 

No  I  Sept  9Q. 
Water  supply  at  fires:  disc.      47,  48,  V  7  No  i  Sept  92. 
Died   12   June   00.      Obituary  64,   V   15    No    i    Sept    00;    200,    V    15 

No   2    Dec   00. 
Hassam,  Walter  E.      Worcester  distributing  reservoir.      Diags.      153-158, 

disc  158,  159,  V  12  No  3  Mar  98. 
Hastings,  Lewis  M. 

Cambridge   Water  Works.      Diag,   ills.      121-132,   di.sc   132-136,   V   11 

No  2  Dec  96. 
Measurements  of  flow  of  water  in  36-inch  and  30-inch  compound  pipe. 

189-194,  V  8  No  4  June  94.     Disc  58-62,  V  9  No  i  Sept  94. 
Method   of  estimating   loss   of  water   power  in    stream.      Diags    and 

tables.      187-194,  disc  195-201,  V  7  No  4  June  93. 
Reply  to  remarks  of  G.  A.  Ellis.      61,  62,  V  9  No  i  Sept  94. 
Use  of  steel  for  water  mains.      Ills.     314-324,  V  13  No  4  June  99. 
Hathaway,  James  H. 

House  inspection   of  fixtures:   disc    (Springfield).      34,   table   38,   V   6 

No  I  Sept  91. 
Methods  of  collecting  water  rates.       68,    69,    disc    69-71,    V2    No    i 

Sept    87. 
Uniformity  in  water-works  reports.      141,  trans  85. 
Haviland,    Dr   A.    (England).     Watershed   areas   and   sanitary   districts. 

132,   133,  V  13  No  2  Dec  98. 
Hawes,   Louis  E. 

Utilizing  a  spring  as  a  source  of  water  supply.      Diags.      i  56-171,  V  11 

No  2  Dec  96. 
Water  supply  of  Provincetown,  Mass.      Map.      285-290,  disc  291-293, 

V  1 1  No  4  June  97. 

Hawes,  W.  H.  "  See  Hawes,  William  M. 
Hawes,   William   M. 

How    they  put  the  walking  beam   into   the  S   S    Puritan.     '163,  164, 

V  3   No  4  June  89, 

Inec[ualities  in  water  rates:  disc.      216,  V  4  No  4  June  90. 

Lead  connections  in  service  pipes.      86,  87,  V  6  No  2  Dec  91. 

Meters:  disc.      68,  V  i  No  i  Sept  86. 

Need  of  more  than  one  supply  main:  disc.      62,  V  6  No  i  Sept  91. 

Public  and  private  water  works:  disc.      18,  19,  V  4  No  i  Sept  89. 

Reply  to  query  as  to  liability  of  town  in  case  of  fire  loss  from  insufficient 

fire  supply.      104-106,  V  5  No  3  Mar  91. 
Report  of  fall  meeting  N  E  W  W  A,   29  Sept  89.      67,  68,  V  4  No  2 

Dec  89. 
Water  tanks:  disc.      29-31,  V  2  No  i  Sept  87. 
Died  16  Feb  98.     Obituary  292,  V  12  No  4  June  98. 
Hawkes,  Mr.      Cement-lined  pipe  (Maiden).      40.  trans  83. 
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Hawley,  W.  C.      Results  obtained  by  rotary  and   disc    meters,  Atlantic 

City,  N  J.      Diag.      111-119,  V   12   No  2   Dec  97. 
Hazen,  Allen. 

Albany,  N  Y,  filtration  plant.    Diags,  ills.      291-332,  V  14  No  4  June  00. 
Covered  filters  and  reservoirs.      327,  328,  V  11  No  4  Jvme  97. 
European  water  supplies:   notes.      109-12 1,  disc   122-124,    V  9    No    2 

Dec  94. 
Financial  management  of  water  works.      94-96,  V  1 1  No  i  Sept  96.   • 
Iron  in  grovmd  waters.      280-283,  V  11  No  4  June  97. 
Iron   in   ground  waters,  Provincctown,  Mass.      291,    292,   V    11    No  4 

June  97. 
Lakes  as  sources  of  water  supply  and  receptacles  for  sewage.      163-166, 

V  10  No  3  Mar  96. 

Physical  properties  of  water.      21-27,  ^lisc  27-31,  V  17  No  i  Mar  03. 

Removal  of  color  by  filtration,      32-34,  V  12  No  i  Sept  97. 

Sand  and  mechanical  filters.      43-49,  V  14  No  i  Sept  99. 

Sand  filters  in   America;  tables   and   statistics.      227-231,    244,   V    12 

No  4  June  98. 
vSelection  of  sands  for  a  filter.      165-168,  V  7  No  3  Mar  93. 
Headquarters  of  the  N  E  W  W  A,  Tremont  Temple,  Boston.     111.     277, 

V  1 1  No  4  June  97. 

Heald,  Simpson  C.     Tanks  for  kitchen  boilers:  disc.      65,  trans  85. 
Henderson,  N.  C.      Weston,  R.  S.      Occurrence  of  cristatclla  in  storage 
reservoir.      Map  and  diag.      20-26,  disc  27-29,  V  13  No   i   Sept  98. 
Hering,   Rudolph. 

Experience  with  sand  filters  in  Europe.      185-188,  V  15  No  2  Dec  00. 

Sewage  purification  and  disposal.      142-145,  V  15  No  2  Dec  00. 
Herschel,  Clemens. 

Diversion  of  water  from  streams  for  city  supply.  195,  196,  V  7  No  4 
June   93. 

•E   Jersey  Water  Works  for  Newark,    N  J.      Diags  and  tables.-     18-40, 

V  8  No  I  Sept  93. 

Electrical  purification  of  water.      186-188,  V  8  No  4  June  94. 

European  water  supplies.      122,  V  9  No  2  Dec  94. 

Furnishing  water  power  from  municipal  water  supply:  disc.      159,  160, 

V  6  No  4  June  92. 

Tests  of  articles  of  commerce,  to  be  conducted  by  N  E  W  W  A.  109- 
III,  disc  111-116,  V  10  No  2  Dec  95. 

High  and  low  duty  pumping  engines  in  a  small  water-works  plant:  com- 
parison.     Smith,  J.  E.      163-166,  disc  166-170,  V  14  No  2  Dec  99. 

High  and  low  service  standpipe,  Atlantic  Highlands,  N  J.  Diags.  Bassett, 
C.  P.      215-219,  V  7  No  4  June  93. 

High-grade  pumping  engines.     Le.witt,  E.  D.      163-183,  disc  184-186, 

V  9   X"   ,S    -"^I-ir  9.s'  ' 

High-pressure  (direct)  for  fire  protection.  Ellis,  G.  A.  27-31,  V  7 
No   I   Sept  92. 
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High-service  motor,  Burlington,  Vt.     Parker,  F.  H.     Diag.     63-66,  disc 

66-68,  V  2   No   I   Sept   87. 
High-service  pipe  across  Mystic  river.     Gow,  F.  W.      195,  196,  disc  196- 

203,  V   12   Xc)  3  Mar  qS. 
High-service  pumping  engines.      Deax,  F.  W.    St  Louis  Water  Works,  Mo. 

175-194,  V  II   No  2  Dec  96. 
High-service  station.  Chestnut  Hill  (Met  Water  Works).      Sando,  W.  J. 
Thirty  million  gallon  pumping  engine   trial.      232-243,   V    15    No   3 
Mar  01. 
High-service  water- works  systems. 

Richards,  W.  H.      New  London,  Conn.      148-151,  V  7  No  3  :\lar  93. 
Walker,  C.  K.     Manchester,  N  H.      66-68.      Report  of  Rice  &  Evans, 

Engrs.      Diags  and  ills.      68-75,  ^  10  No  i  Sept  95. 
Weston,  E.  B.      Providence,  R  I.     Diags.      85-90,  disc  91-93.  V   13 
No  2  Dec  98. 
High-water  alarm  for  reservoirs  and  tanks.     Whittemore,  W.  P.     Diag. 

21-23,  disc  23-25,  V  3  No  I  Sept  88. 
Hill,  William  R. 

Location  and  laying  of  54-inch  steel  submerged  pipe  in  Skaneateles  lake, 

Syracuse  Water  Works,  N  Y.     Diag.     40-45,  V  8  No  i  Sept  93. 
Method  of  removing  organisms    from  water  of  distributing  reservoirs. 

Ills.     213-216,  disc  216-229,  V  14  No  3  Mar  00. 
Presentation  from  N  E  W  W  A  at  Syracuse  meeting.      191,  192,  V  14 

No  2  Dec  99. 
Some  things  that  should  be  done  in  constructing  a  distributing  system 
of  water  works.      36-39.  disc  40-48,  V  13  No  i  Sept  98. 
Hodge,  Thomas  A.      Died  16  Dec   87.      Obituary  36,  V    2    No  3  Mar  88. 
Hodgson,  John  S.     Water  meters  in  Europe.      107,  108,  V  9  No  2  Dec  94. 
Holden,  Andrew.      Died  n  d.      Obittiary  200,  V  15  No  2  Dec  00. 
Holden,  Horace  G.,  Pres  N  E  W  W  A. 

Address  to  N  E  W  W  A,  8  June  92,  Holyoke.      35,  V  7  No  i  Sept  92. 

Best  form  of  service  box  at  street  curbing.     41,  V.i  No  i  Sept  86. 

Experience  with  water  meters.      154-156,  V  3  No  4  June  89.- 

Flushing  street  mains  (Lowell,  plan,  gates,  and  pipes) .     73-80,  trans  85. 

Frozen  hydrants.      11,  V  4  No  i  Sept  89. 

House  inspection  of  fixtures.      36,  V  6  No   i  Sept  91. 

Inequalities  in  w^ater  rates.      213-215,  disc  215-218,  V  4  No  4  June  90. 

Laying  a  24-inch  main  under  Nashua  river.      254-256,    disc  256-260, 

V  12  No  4  June  98. 
Laying  a  700-foot  pipe  across  Merrimac.      136,  V  5  No  3  Mar  91. 
Lead  connections  for  iron  service  pipes.      81,  82,  disc  82-89,  V  6  No  2 

Dec  91. 
Licensing  plumbers;  disc.      26-28,  V  i   No   i   Sept  86. 
Nashua,  N  H,  Water  Works.     Ills.     249-255,  V  16  No  4  Dec  02. 
Service  boxes  used  on  the  Pennichuck  Water  Works,  Nashua,   N   H. 
310,  V  15  No  4  June  01. 
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Test  of  Venturi  meter  at  Worcester,  Mass.      159,  V  12  No  3  Mar  98. 
Water  meters:  disc.      65,  66,  V  i  No  i  Sept  86. 
Holland,  Notes  made  in  1887.     Locke,  A.  W.     44-49,  V  5  No  i  Sept  90. 
HoUis,  Frederick  S. 

Methods  for  the  determination  of  color  and  its  relation  to  the  character 

of  the  water.      Diags.      94-1 11,  disc  111-118,  V  13  No  2  Dec  98. 
Removing  organisms  from  water.      221-223,  ^^isc  223-229,  V  14  No  3 

Mar  00. 
Study  of  micro-organisms  in  water  supplies.      64,  V  14  No  i  Sept  99. 
HoUis,  Frederick  S.,  and  Parker,  Horatio  N.     Chlamvdomonas  in   Spot 
Pond  (Met  Water  Works).      Diags.      26-29,  disc  30,  31,  V   14  No   i 
Sept  99. 
HoUis;  Ira  N.      Economy   in   the  use  of  coal   for  production  of  power. 

32-40,  disc  40-43,  V  17  No  I  Mar  03. 
Holmes,  Charles   J.     Address  of  welcome  to  N  E  W  W  A,  Fall    River, 

12  June  89.      I,  V  4  No   i   Sept  89. 
Horton,  Sylvanus  D.      Died  19  Apr  88.      Obituary  27,  V  2   No  4  June  88. 
Hose. 

Brackett,  D.      Capacity  tests.      Tables,      i  51-162,  V  g  No  3  Mar  95. 
Freeman,  J.    R.     And  fire  streams.      Ill,  tables,  and  diags.      95-167, 

disc  168-17 1,  V  4  No  3  Mar  90. 
Gerhard,  W.  P.      Fire,  for  theaters.      83,  84,  V  9  No  2  Dec  94. 
Jones,  E.  R.     Fire  hose.      168,  V  4  No  3  Mar  90. 

Springfield  fire  department.      Discharge  experiments.      152,  trans  85. 
Hose  outlets  on  hydrants.     Winslow,  G.  E.,  and  others.    26,  27,  V  5  No  i 

Sc].lt     QO. 

Hosley,  Mayor,  Manchester.     Address  to  N  E  W  W  A,  15  Jvme  87.      1-4, 

V  2   No   I   Sept  87. 
Hotchkin,   George    A.       Died    6    Oct    02.       Obituary    402,   V   16   No  4 

Dec  02. 
House  inspection  of  fixtures.    Allis,  S.  M.,  Hathaway,  J.  H.,  and  others. 

Disc.      34-37.  speciiTien  table  38,  V  6  No  i  Sept  gi. 
How  to  obtain  best  results  in  pumping.     Gibbs,   H.  F.      167-173,  V  t6 

No  3  Sept  02. 
How  to  secure  pure  water.      Haskell,  J.  C.      137-144,  disc  144-155,  V  11 

No  2  Dec  96. 
How  we  painted  our  standpipe.  Beals,  J.  E.    157,  158,  V  3  No  4  June  89. 
Howard,  John  L.     Construction  of  the  Middlesex  Fells  reservoir  for  the 

Met  Water  Works.      Ills.      20-32,  disc  33,  V  15  No  i  Sept  00. 
Howe,  Hon  C.  H.     Address  to  N  E  W  W  A,  11  Mar  03.     232,  233,  V  17 

No  2  Jtme  03. 
Rowland,  A.  H. 

Blow-offs:    disc.      83,.  84,    trans    85. 

Charge  for  hydrant  service:  disc.      29-31,  V  i   No  i  Sept  86. 
Flushing  laterals,  Terre  Haute,  Ind.      91,  92,  trans  85. 
Licensing  pluml)ers:  disc.      26-28,  V  i  No  i  Sept  86. 
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Report  of  N  E  W  W   A  com   on  classification  of  water  rates.      15,  16, 

V  I  No  I  Sept  86;   32-42,  disc  42-4.t,  V  2  N  i  Sept  87. 
Testing  of  meters:  disc.      80-86,  V  3  No  2  Dec  88. 
Weight  of  cast-iron  pipe.      28,   29,  trans  05. 

Hub  of  pipes. 

Hill,  W.  R.,  and  others.    Lead  groove  form:  note.      36,  disc  40,  V  13 

No   I   Sept  98. 
Manning,  G.  E.      Cast  iron:  table  of  dimensions  in  inches.      133,  134, 

V  16    No    2    June    02. 

Hurley,  John.     Wenham  lake  water  supply  for  Salem,  Ma.ss.      272,  273, 

V  II  No  3  Mar  97. 

Hyatt  Pure  Water  Co  filtering  apparatus.     Ill,      77,  V  2  No  i  vSept  87. 
Hyde,  Horatio  N. 

Disjointing  12-inch  iron  pipe.      102,  trans  85. 

Flushing  mains,  Newton  Water  Works.      81,  trans  85. 

Testing  Newton  mains.      336,  337,  V  u  No  4  June  97. 

Water  hammer.      73,  74,  V  i  No  i  Sept  86. 
Hydrants. 

Allis,  S.  M.      Economy  in  water-works  management:  disc.      161-163, 

V  6  No  4  June  92. 

Atkinson,  E.,  and  others.  Relation  of  water- works  engineers  to  fire 
service  of  factories.      58-63,  disc  63-83,  V  17  No  i  Mar  03. 

Bailey,  G.  I.  Fire,  care  in  winter.  Ill,  table.  116-123,  V  14  No  2 
Dec  99. 

Billings,  W.  R.,and  others.  Service,  Charge  for:  disc.  28-32,  V  i 
No  I  Sept  86. 

Brackett,    D.      Capacity    tests.     Tables.      151-162,    V    9    No  3  Mar 

95- 
Freeman,   J.    R.     Arrangement    for   fire   protection.      Diags.      49-77, 

disc  77-81,  V  7  No  I    Sept   92;  additional   disc   152-164,  V  7   No  3 

Mar  93. 

Location.      61-65,  V  7   No   i   Sept  92. 
Hill,   W.    R.      Fire   use,   with   special   valve   for   sprinkling.      39,    40, 

V  13  No  I  Sept  98. 

How  to  set  to  prevent  freezing:  disc.      9-13,  V  4  No  i  Sept  89. 
Knapp,    L   .H.      Buffalo  Water  Works.      Ills.      Plates    III,    IV.      208, 

V  14,  No  3  Mar  00. 

McInnes,  F.  a.      Bachelder,  for  Boston  salt  water  fire  system.      Diag. 

304-313.  V  13  No  4  June  99. 
Snell,  G.  H.      Private  hydrants,  sprinklers,  and  insurance.    64,65,  71, 

V  17  No  I  Mar  03. 

Stacy,  G.  A.      32-37,  disc  37,  38,  V  4  No  i  Sept  89. 

And  broken  mains:    examination    in   cold  weather.      222-224,  V   7 

No  4  June  93. 
Experiment  and  failure:    separation  of  pipe  from  hydrant.      24-26, 

V  7  No  I  Sept  92. 
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Walker,  C.  K.      Use  of  water  from,  for  skating  rinks:  disc.      143-146, 

V  10  No  3   Mar  96. 

WiNSLOW,  G.  E.,  and  others.    Hose  outlets  on:  remarks.      26,  27,  V  5 

No   I   Sept   Qo. 

Size:  disc.      94-96,  V  2  No  i  Sept  87. 
Hydraulic   laboratory. 

FuERTES,  Prof  E.  A.      Cornell  universit}-,  Ithaca,  N  Y.      lUs.      195-205, 

V  14  No  3   Mar  00. 

Porter,    Prof    Dwight.      Mass    Inst    of    Technology,     Boston.      Ills. 

81-84,  V  8  No  2  Dec  93. 
Hydraulic  pumping  machinery  types.     Faxnixg,  J.  T.     Ills.     34-41,  V  i 

No   I   Sept   86. 
Hydrostatic  test  of  cast-iron  pipe.     95,  106,  108,  114,  115,  123-127,  V  16 

No  2  June  02;  363.  V  16  No  4  Dec  02. 

Ice,  Anchor.     Sec  Anchor  ice. 
Ice  in  standpipes. 

Cochran,  R.  L.,  and  others.      227-229,  V  17  No  2  June  03. 
Cook,  B.  I.,  and  others.     Disc.      129,  130,  V  14  No  2  Dec  99. 
Ice,  Purity  of.     46-52,  V  8  No  i  Sept  93. 
Improvement  in  pumping  engines.     Forbes,  F.  F.      157-162,  V  13  No  3 

Mar   90. 
Indianapolis,  Ind. 

Goss,  W.  F.  M.     Test  of  Snow  pumping  engine.      49,  50,  V  13  No  t 

Sept   98. 
Manufacturers   Nat   Gas  Co.      Street-railway   demurrer  to   complaint 
over- ruled.      229—231,  V  15  No  2  Dec  00. 
Inequalities  in  water  rates.     Holden,    H.    G.      213-215,   disc    215-218, 

V  4  No  4  June  90. 

Influence  of  forests  upon  rainfall.     Swain,  Prof  G.  F.      11-26,  V  i  No  3 

Mar  87, 
Infusoria  and  algae. 

Forbes,  F.  F.     Taste  and  odor  imparted  to  water  by.      90-96,  disc 

96,^97,  V  6  No  2  Dec  91. 
HoLLis,   F.   S.,   and  Parker,   H.    N.     Chlamydomonas  in  Spot  pond 

(Met  Water  Works).     Diags.     26-29,  disc  30,  31,  V  14  No  i  Sept  99. 
Whipple,  G.  C.     In  surface  waters.      215,  216,  V  9  No  4  June  95. 

Raphidomonas  in  (Lynn  )water.      111.      348-357,  V  11  No  4  June  97. 
Inland  waters  of  Mass,  Act  to  protect.     Mills,  H.  F.     6-10,  V  i  No  3 

Mar  87. 
Inquiry  in  relation  to  size  of  pipes.      II a.vcock,  J.  C.      150-153,  V  3  No  4 

June   Sc). 
Inspection   (sanitary)  work  of  Met  Watei  Works.     Locke,  W.  W.     483- 

489,  disc  489-492,  V  15  No  6  Dec  01. 
Insurance.     Snell,  G.  H.     Private  hydrants,  sprinklers,  and  insurance. 

64,65,   71,  V   17   No   I   Mar  03. 
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Insurance    inspection.      ATKrNsox,    E.,  tuid   others.      58-63,   disc    63-S3, 

V  17   No   I   Mar  03. 

Insurance  requirements  and  private  fire  supplies.  Coggeshai.i,,  R.  C.  P., 
and  others;  disc.      193-197,  V  9  No  4  June  95. 

Iron  in  ground  waters.  Hawes,  L.  E.  Provincetown,  Mass:  experi- 
ment.     285-290,  disc   291-293,   V   II    No  4  June  97. 

Iron  removal  plant,  Reading,  Mass.  Bancroft,  L.  M.  294-300,  V  11 
No  4  June  97. 

Iron  removed  by  coke  filters.     Clark,   H.   "W.     277-280,  disc  280-284, 

V  II  No  4  June  97. 

Iron,   scrap,   pig,   etc.     Garrett,   Jesse,   and   others.      Use   for   pipe   in 

foundries.      55-62,   V   11    No    i   .Sept   96. 
Iron  V  cement  pipes.     Steben,  B.  F.      55,  56,  V  5  No  i  Sept  90. 
Irrigation  in  Tucson,  Arizona.     Allis,  S.  M.      252,  253,  V  12  No  4  June  98. 
Is  the  game  worth  the  candle?      Thomson,  John.      58-67,  V  8   No    2 

Dec  93. 

Jacket  pump.      Gibbs,  H.  F.      Dias.;:.      170,  V  16  No  3  Sept  02. 

Jackson,  D.  D.,  and  Whipple,  George  C.  Asterionella:  its  biology,  chem- 
istry, and  effect  on  water  supplies.  Diags.  1-23,  disc  23-25,  V  14 
No    I    Sept   99. 

Jackson,  James  F.      Relation  of  great  ponds  to  water  supplies.      203-208, 

V  3    No   4   June   89. 

Janin,  George.      History  and  description  of  the  Montreal  Water  Works. 

2 7 2-2 S3,  V  17  No  3  Sept  03,  disc  378-382,  V  17  No  4  Dec  03. 
Japan,  Water  in.     Chaplin,  W.  S.     20-26,  V  i  No  2  Dec  86. 
Jenkins,  George  S.      Died  12  Nov  00.      Obituary  224,  V  15  No  2  Dec  00. 
Jewell    filter    in    Pittsburg    filter   plant.      Knowles,    Morris.      167-176. 

Analysis  of  water.      1S4,  V  15  No  2  Dec  00. 
Johnson,  F.  P.   Basin  and  well  covering  of  Waltham  Water  Works,  Mass. 

Diags.      120-122,  disc  123-129,  V  8  No  3  Mar  94. 
Joining  pipes  (Burlington,  Vt).     Crandall,  F.  H.      111.      159,   160,  V  10 

No  3  Mar  96. 
Joints  and  pipes.     Testing  of:  disc.      41-44,  V  13  No  i  Sept  98.' 
Joints  of  pipes. 

Billings,  W.  R.,  and  others.     Comparative  value  of  wiped  and  cup: 

disc.      71,   72,  V   I   No   I   Sept  86. 
Brand,  J.  A.,  and  others.      Lead  joints:  disc.      94-105,  trans  85. 
Coffin,    F.    C.     Cast-iron    pipe,    Yarmouth,    N    S.      111.      38-42,    disc 

42,  43,  V  15  No  I  Sept  00. 
Coggeshall,  R.  C.  p.      Naphtha  lamps  for  melting  lead  joints.      103, 

trans  85. 
Forbes,    F.    F.     Cement-lined   service   pipes    (Brookline,    Mass).     48, 

V  15  No   I   Sept  00. 

Gardner,  E.  P.      Light  for  night  work  and  melting  lead  joints.      168- 
170,  V  7   No  3   Mar  93. 
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Hancock,  J.  C.,and  others.     Lead,  depth  of:  disc.     25,  26,  V  5  No  i 
Sept  90. 

Hill,  W.  R.,  and  others.      Caulking  of;  disc.    41-43.  V  13  No  i  Sept  98. 

Manning,  G.  E.      Lead  for  cast-iron  pipes.      Design.      130-138,  V   16 
No  2  June  02. 

MuRDOCK,   William.      Wooden   joints   in   cast-iron   water   mains.      St 
John,  N  B.     34-37,  V  15  No  I  Sept  00. 
Jones,  E.  R. 

Fire  hose.      168,  V  4  No  3  Mar  00. 

Fish  catching  inside  pipes.      81,  V  5  No  2  Dec  90. 

Protection  of  pipes  from  frost.      125-127,  V  3  No  3  Mar  89. 
Journal  of  N  E  W  W  A.     See  N  E  W  W  A  journaL 
Joy,   Moses. 

Tanks  for  house  supply.      66,  trans  85. 

Weights  of  cast-iron  pipe  (Milford).      29-31,  trans  85. 

Weights  of  cast-iron  pipe,  testing  of  weights.      39,  trans  85. 

Keating,  E.  H. 

Frozen  hydrants.      10,  11,  V  4  No  i  Sept  89. 
Halifax,  N  S,  scraper.     22,  V  5  No  i  Sept  90. 
Private  water  works,      iq,  V  4  No  i  Sept  89. 
Kempton,   David   Batchelder.      Died   4    Mar    99.     Obituary  349-   V    13 

No  4  June  99. 
Kent,  Willard,  Pres  N  E  W  W  A. 

Address  to  N  E  W  W  A,  14   Sept   q8,    Portsmouth,  N  H.      60-62,  V  13 

No  I  Sept  98. 
Charge  for  hydrant  service.      29,  V  i  No  i  Sept  86. 
Kerosene  pumping  engine,  Cohasset  Water  Works,  Mass.     111.  176,  V  16 

No   3    Sejjt    02. 
Kieran;  Patrick. 

Loss  of  water  from  pipes:  experience   (Fall  River).      250,   251,  V   12 

No  4  June  98. 
Water  tank  at  Fall  River,  Mass.      Diag.      26,  27,  disc  27-32,  V  2  No  i 
Sept   87. 
Kierst'ed,    Wynkoop.     Water    supply    and    its    development    for    small 

western  cities.      83-90,  V  5   No  2   Dec  90. 
Kimball,  Frank  C.      Some  6-inch  meter  tests  and  how  made.      305-33 1> 

disc  331-337,  V  17  No  4  Dec  03. 
Kimball,  George  A. 

Diversion  of  water  from  streams  for  city  supply:  disc.      198,  V  7  No  4 

June    93. 
Method  of  recording  location  of  mains  and  services.      Diags.      157-150, 

V  8  No  3  Mar  94. 
Stealing  water:  experience.      187-190,  V  4  No  4  June  90. 
Kingsley,  Chester  W.     Construction  and  maintenance  of  water  works. 
127-133,   V   3    No   3   Mar  89. 
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Kinnicutt,  Prof  Leonard  P. 

Pollution  of  streams  by  manufactural  wastes.      510-513,  V   15   No  6 

Dec  di. 
Purification  of  sewage  by  bacterial   methods.      Diag.      119-141,   disc 

142-147,  V  15  No  2  Dec  00. 
Kittanning   Point   reservoirs,    Altoona,    Pa.      Kxight,    C.    W.     151-162, 

V  14  No  2  Dec  99. 
Knapp,  Louis  H.     Buffalo  Water  Works,  N  Y.    Ills.     206-212,  V  14  No  3 

Mar  GO. 
Knight,  Charles  W.      Flood  water  channels  of  the  Altoona,  Pa,  reservoirs. 

Ills  and  diags.      151-162,  V  14  No  2  Dec  99. 
Knowles,  Morris.      Experimental  filter  works  at  Pittsburg  and  results  of 

experiments.      Ills,  tables,  diags.      148-184,  disc  185-192,  V  1  5  No  2 

Dec  00. 
Knoxville  Water  Co.     Standard  metered  fire  connection  applied  to  private 

plants.      Diag.      299,  V  16  No  4  Dec  02. 
Knudson,  A.  A.     Cause  and  effect  of  electrolytic  action  on  tmdcrground 

piping  systems.      Ills.      244-255,  disc  255-271,  V  15  No  3  Mar  01. 
Kuichling,  E. 

Distribution  systems.      104-107,  V  14  No  2  Dec  99. 

On  case  of  Moffett,  Hodgkins  &  Clarke  Co  breaking  of  contract.      144- 

146,  V  13  No  2  Dec  98. 
Rochester    Water    Works,   N   Y,   reports    (abstract).      138-143.  V  13 

No  2  Dec  98. 
Kutter's  and  Poncelet's  formulae:  discharge  of  water  mains.      18,  19.  V  i 

No   2    Dec  86. 
Kutter  family,  Trautwine's  appeal  for  aid  for.      7,  V  3  No  i  Sept  88. 

Laing,  William  H.      Died,  5  Aug  01.     Obituary  456,  V  15  No  5  Sept    01. 
Lakes  as  sources  of  water  supply  and  receptacles  for  sewage.     Hazen,  A. 

163-166.  V  ID  No  3  Mar  96. 
Landscape  problems  in  Middlesex  Fells  (Met  Water  Works).     Olmsted, 

F.  L.      Ills.    272-287,  V  15  No  3  Mar  01. 
Lamed,  Edward  S.      Drainage  of  swamps  for    watershed    improvement. 

Ills.     36-44,  disc  44-50,  V  16  No  I  Mar  02. 
Latham,  Baldwin  (London,  England).     Control  of  watershed  areas.      129- 

131,  V  13  No  2  Dec  98. 
Lausen,  Switzerland.     Sedgwick,  Prof  W.  T.     Typhoid  fever  epidemic. 

327-331,  V  15  No  4  .Tune  01. 
Lawrence  Water  Works,  Mass. 

Clark,  H.  W.      Exjjerience  with  filters.      231-234,  241-243.  V  12  No  4 
June  98. 

Typhoid  fever  from  water  supply,     1892-189S.      83-86,  V  14  No   i 
Sept   99. 
Collins,  M.  F.     Filter.      288-297,  V  17  No  3  Sept  03. 
Dean,  F.  W.      Pumping  engine.      Diag.     87,  V  8  No  2  Dec  93. 
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Mills,   H.    F.      Filter  and  results.      Diags.      44-55,   disc   56,   57,   V  9 

No    I    Sept   94. 
Rogers,  H.  W.      Diags.      6-9,  V  i  No  2  Dec  86. 
Laying,  J.  B.      "  The  water  meter  " :  verses  from  "  San  Francisco  Wasp." 

69,  V  I  No  I  Sept  86. 
Laying  of  pipes. 

Brackett,   D.      Raising  or  lowering  of  pipes.      198,    199,   V  3   No   4 

June  89. 
Chace,  G.  F.      Sixteen-inch  main  across  rocky  stream  and  over  dam 

(Taunton).      103-105,  disc  105,  V  9  No  2  Dec  94. 
Coffin,  F.  C,  and  others.    Carelessness  causing  leakage:  disc.      93,  94, 

V  II  No  I  Sept  96. 

Fuller,  F.  L.     Ten-inch  pipe  in  Leicester,  Mass.    190,  191,  V  4  No  4 

June  90. 
Gow,  F.  W.     Ten-inch  high-service  pipe  across  Mystic  river.    195,  196, 

disc  196-203,  V  12  No  3  Mar  98. 
GowiNG,  E.  H.     Across  Maiden  river.     257-259,  V  12  No  4  June  98. 

Crossing  a  stream  with  a  main  pipe  (Ward's  joint).      135-140,  V  5 
No  3  Mar  91. 
Griffin,  vS.  P.     Thirty-inch  stipplj^  main  (Lowell,   Mass).      186,    187, 

V  6  No  4  June  92. 

Harrington,    J.    L.      Siphon    pipe    under    Broad    canal,    Cambridge. 

Diags.      90-95,  V  7  No  2  Dec  92. 
Herschel,    Clemens.     Under     Pequannock    river     (Newark,    N     J, 

Water  Works).     33-35,  V  8  No  i  Sept  93. 
Hill,  W.  R.     Directions  for  laying.     36-39,  V  13  No  i  Sept  98. 

Fifty -four  inch  steel  submerged  pipe   (Skaneateles  lake,   N   Y)    for 
Syracuse  Water  Works,  N  Y.      Diag.      40-45,  V  8  No  i  Sept  93. 
Holden,    H.    G.     Twenty-four-inch   main   under  Nashua  river.      254- 

256,  disc  256-260,  V  12  No  4  June  98. 
Richards,  W.  H.     Twenty-inch  main  (New  London,  Conn;.     178,  179, 

disc  1 79-18 1,  V  4  No  4  June  90. 
Saville,  C.  M.     Pipes  and  pipe  laying  for  Met  Water   Works.     203- 

-226,  disc  226-230,  V  17  No  2  June  03. 
Walker,  C.   K.      Eight-inch  main   on  Merrimac  river   bottom.      220, 

V  7   No  4  June  93. 
Leach,  Samuel  B. 

Tarrytown  water  supply,  N  Y.      136,  V  6  No  3  Mar  92. 
Died  28  June  92       Obituary  145,  V  6  No  3  Mar  92. 
Lead  connections  for  iron  service  pipe.     Holden,   H.   G.     81,   82,  disc 

82-89,  V  6  No  2  Dec  91. 
Lead  joints. 

Brand,  J.  A.,  and  others.    Joints:  depth  of  bell:  disc.     94-105,  trans  85. 
Gardner,  E.  P.     Joints  by  Wells  light.      168-170,  V  7  No  3  Mar  93. 
Manning,  G.  E.     Joints   for   cast-iron    water   pipe.      130-138,    V    16 
No   2  June  02. 
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Lead  pipes. 

Chace,   G.   F.,   and  others.      Poisoning  from  lead  service  pipes:   disc. 

54,   55-  V  12   No   I   Sept   97. 
Forbes,  F.  F.     Poisoning.     5S-62,  V  15  No  i  Sept  00. 
Garrett,  Jesse.     History  and  ills.     28-32,  V  n  No  i  Sept  96. 
Sedgwick,  Prof  W.  T.     Louis  Philippe,  Claremont.     316,  317,  V  15 
No  4  June  01. 
Lead  service  pipes.     Richards,  W.  H.     22,  23,  V  6  No  i  Sept  91. 
Lead   services,   Wannacomet   Water   Works,   Nantucket,     Codd,    W.    F. 

Diag.      1S7,  1S8,  V  9  No  3  Mar  95. 
Leakage  and  waste  of  water. 

At  leaded  joints  of  pipes:  disc.      93,  94,  V  ri  No  i  Sept  96. 

Coffin,  F.  C.,  and  others.    Detected  by  telemeter  and  testing  pumps: 

disc.     89-94,  V  II  No  I  Sept  96. 
Craxdall,  F.  H.      From  underground  pipes.      245-249,  disc  249-258, 

V  12  No  4  June  98. 

Detected  bj^  Bell  waterphone.      73-75,  trans  84. 

Fuller,    F.    L.      Detected   by  testing.      111.     330-335,    disc   335-338, 

V  II  No  4  June  97. 

Haskell,  J.  C.     Caused  by  electrolysis   (Lynn).      278-281,  disc  281- 

286,  V  10  No  4  June  96. 
Nevons,    Hiram,    and   others.     Causes   and    prevention.    27-29,    disc 
30-47,  trans  83. 
Learned,  Wilbur  F. 

Aeration  and  oxidation  of  water.     43,  44,  V  5  No  i  Sept  90. 
Ashland  basin  No  4   (Boston)   and  mixing  and  handling  of  concrete. 

Diags.      3-7,  disc  8,  V  2  No  2  Dec  87. 
Boston  street  main  flushing:  letter.     81-83,  trans  85. 
Leavitt,  E.  D.     A  few  examples  of  high-grade  pumping  engines.      Diags. 

163-183,  disc   184-186,  V  9  No  3  Mar  95. 
Le  Baron,   Eugene   P.       Died    i   Dec   93.     Obituary   160,  V  8  No  3  Mar 

94- 
Leeds,  Dr  A.  R.      Filtration:  disc.      79-84,  V  2  No  i  Sept  87. 
Leicester,    Mass.     Fuller,    F.    L.     Laying    lo-inch  pipe.     190,  191,  V  4 

No  4  June  90. 
Lesage,   T.   W.     Service  boxes  of  Montreal    Water    Works.     284-287, 

V  17  No  3  Sept  03. 

Liability  of  town  in  case  of  fire  loss.     Hawes,  W.  M.     104-106,  V  5  No  3 

Mar  91. 
Licensing  of  plumbers.     Howlaxd,   A.    H.,  and  others.     Disc.     26-28, 

V  I  No  I  Sept  86. 

Life  of  service  pipes.     Fuller,  F.  L.     221,  V  7  No  4  June  93. 
Light  for  night  work.     Gardner,  E.  P.      168-170,  V  7  No  3  Mar  93. 
Light  in  relation  to  growth  of  diatoms.     Whipple,   G.   C.     Diags  and 
tables.     1-24,  disc  25,  26,  V  11  No  i  Sept  96. 
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Lindley,  W.  H.     Report  on  European  water  supplies  to  Paris  exposition: 
remarks  of  Prof  W.  T.  Sedgwick  on.      33-39,  disc  39-44,  V  5  No  i 
Sept   90. 
Lining  of  service  pipes.     Chace,  G.  F.,  and  others.     Disc.    45-55,  V  12 

No  I  Sept  97. 
Linsley,  Dr  J.  H.     Died  17  Feb  01.      Obituary  364,  V   15   No  4  June  01. 
Little   Falls  Water  Works,    NY.       Babcock,   S.    E.    57-63,    V  3    No    i 

Sept  88 
Location  of  hydrants.     Freeman,  J.  R.     61-65,  V  7  No  i  Sept  92. 
Location  of  mains  and  services. 

Brown,  A.  W.  F.     Card  system  of  recording.     226-228,  V  9  No  4 

June  95. 
Kimball,  G.  A.     Method  of  recording.     Diags.      157-159,  V  8  No  3 
Mar  94. 
Locke,  Augustus  W. 

Notes   made   in    Holland,    on    canals,    pvimps,    dykes,   windmills,    etc. 

44-49,  V  5  No  I  Sept  90. 
Died  14  May  93.      Obituary  227,  V  7  No  4  June  93. 
Locke,  William  W.      Work  of  sanitary  inspection  on  Met  Water  Works. 

483-489,  disc  489-492,  V  15  No  6  Dec  01. 
Lockwood,   Joseph   A.      Died    24   Aug   97.     Obituary     72,   V    12    No     i 

Sept   97. 
London,  England. 

Sedgwick,    Prof   W.    T.      Water   supply:    sand   filtration.      127,    128, 

V  7,  No  2  Dec  92. 

Report  on  Met  water  supply,  with  special  reference  to  sand  filtration. 

May,  1892.     Inserted  after  130,  V  7  No  2  Dec  92. 
Sanitary  condition  of  water  supply,  1837,  319;  in  1854,  320;  in  1866, 
322-326,  V  15  No  4  Jime  01. 
Loretz,  Arthur  J.  L.      Pumping  engines.      226-233,   disc   234-241,   sum- 
mary of  disc  241-244,  V  II  No  3  Mar  97. 
Loss  of  water.     See  Leakage. 

Louisville,  Ky,  filter  plant.    Weston,  R.  S.      15-18,  V  13  No  i  Sept  98. 
Lowell  Water  Works,  Mass. 

Bowers,  George.     Tube  well  experiment.     67-76,  V  9  No  2  Dec  94. 
Second  plant:  description.      226-229,  V  10  No  4  June  96. 
Results  of  experiments.     30-33,  disc  33-35,  V  13  No  i  Sept  98. 
Holden,  H.  G.     Street  flushing:  gate  plan.      73-80,  trans  85. 
Thomas,  R.  J.      Service  box.      Diag.      313,  V  15  No  4  June  01. 
Lugs  on  branches.     N  E  W  W  A,  Com  on  cast-iron  pipe.     Tabic.     96. 

V  17  No   I   Mar  03. 

Lynn  fire  supplies.     Haskell,  J.  C.      169,  170,  V  4  No  3  Mar  90. 
Lynn  water  supply.     Haskell,  J.   C.      55-63,  disc  63,   64,  V   10  No   i 

Sept    95-  " 

Lynn    Water    Works.     Haskell,    J.    C.     Pvimping  engine  fovmdation. 

163,  164,  V  5  No  4  June  91. 


INDEX    TO    THE    TRANSACTIONS    AND    JOURNAL.  53 

Lyon,  James  W.,  Pres  N  E  W  W  A. 

Portrait.     276,  V  16  No  4  Dec  02. 
Address  to  N  E  W  W  A,  21  June  83.    16-18,  trans  83. 
Lyon's  packing  for  gates.     71,  V  i  No  i  Sept  86. 

Macadam  surfacing.     Weston,   E.   B.,  and  others.   Thawing  by  steam 

for  trench  making.  Providence,  R  I.      90,  91,  V  13  No  2  Dec  98. 
McClallan,   William   C.     Died    15    Sept   88.     Obitnary  99,    V    3    No    2 

Dec  88. 
McClintock,   W.   E.     Water  pipe   trenches  v   good   roads.      7 1-7 7 >   V    8 

No  2  Dec  93. 
McGuire,  James  K.,  Mayor,  Syracuse,  N  Y.     Address  to  N  E  W  W  A 

13  Sept  99.      176-179,  V  14  No  2  Dec  99. 
Mclnnes,  Frank  A.      Salt  water  tire  system  of  Boston.     Diags.      304-313, 

V  13  No  4  June  99. 

McKenzie,  Theodore  H.      Stealing  water.      66,  67,  V  17  No  i  Mar  03. 
Macksey,   Henry  V.      Insurance  inspectors   and  stealing  water.      72-74, 

V  17  No   I  Mar  03. 

McLaughlin,  Thomas  H.      Died   17   Dec   93.      Obituary   195,   V  8   No    4 

Jvme  94. 
McNally,   William,  and   others.      Meter  registration:   disc.      96,    97,    104, 

105,  V  10  No  2  Dec  95. 
Macopin    intake    details,    E    Jersey    Water    Co.     Herschel,    Clemens. 

Diag.      29,   V  8   No   I   Sept   93. 
Main,  Charles  T.     Diversion  of  water  from  streams  for  city  supply.      199- 

201,  V  7  No  4  June  93. 
Main  pipe. 

Gow,  F.  W.     Laying  lo-inch  across  Mystic  river,  Medford.      195,  196, 

disc  196-203,  V  12  No  3  Mar  98. 
GowiNG,  E.  H.     Crossing  a  stream;  experience.      135,   136,  disc   136- 

140,  V  5   No  3   Mar  91. 
Main  supply.     Hancock,  J.  C.     Risk  in  having  only  one.     59-62,  disc 

62,  63,  V  6  No  I  Sept  91. 
Main  valve.      Frequency  of  examination:  disc.      70,  71,  V  i  No  i  Sept  86. 
Mains. 

Allis,  S.  M.      Relaying  street  mains  in  Maiden,  Mass.     Diag.      79,  80, 

V  5  No  2  Dec  90. 

Brackett,  Dexter.      Minimum  size  allowable  for  street  mains:  disc. 

18-20,  V  6  No   I   Sept   91. 
Brown,  A.  W.   F.     Card  system  of  recording.     226-228,  V  9  No  4 

June  95. 
Brown,  J.  H.     Necessity  and  method  of  flushing  street  mains.      70,  71, 

disc  71-92,  trans  85. 
Chace,  G.  F.     Care  of.      131-134,  V  5  No  3  Mar  91. 

Handling   fires    while    changing   mains,    Taunton,    Mass.      230-233, 
V  10  No  4  June  96. 
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Laying  of  1 6-inch  main  across  rocky  stream  and  over  dam  (Tatmton). 
103-105,  disc  105,  V  9  No  2  Dec  94. 
Coffin,  F.   C.     Friction  in  pumping  mains.     Table.     234-243,  V   10 

No  4  June  96. 
Ellis,    G.    A.      Discharge    as    determined   by   pressure    gage.     Diags. 

19-26,  V  I  No  I  Sept  86. 
Forbes,  F.  F.    Frictional  head  in  a  foi-ce  main.    164,  165,  disc  165-167, 

V  6  No  4  June  92. 
Freeman,   J.    R.     Arrangenaent    for   fire   protection.     Diags.     49-77, 

disc  77-Si,  V  7  No  I  Sept  92;  152-164,  V  7  No  3  Mar  93. 
Griffin,  S.  P.     Laying  of  30-inch  supply  main  (Lowell,  Mass).      186, 

1S7,  V  6  No  4  Jtme  92. 
Hall,  F.  E.      Merits  of  various  kinds  of  street  mains:  disc.      107-117, 

trans  85. 
Hancock,  J.  C.      Risk  in  having  only  one  supply  main.      59-62,  disc 

62,  63,  V  6  No  I  Sept  91. 

Size  and  material  for  Springfield  main:  disc.      150-153,  V  3   No  4 
June  89. 

Water  hammer  on  mains,  and  remedy.      11,  disc  11-14,  V  5  No  i 
Sept   90. 
Hastings,  L.  M.     Steel  for  water  mains.     Ills.     314-324,  V  13  No  4 

June  99. 
Holden,   H.    G.      Laying  of   24-inch  under   Nashua  river.      254-256, 

disc  256-260,  V  12  No  4  Jtme  98. 
Kimball,  G.  A.      Method  of  recording  location  of  inains  and  services. 

157-159,  V  8  No  3  Mar  94. 
Murdock,   William.     Cast   iron:  wooden   joints    in,    St   John,    N  B. 

34-37,  V  15  No  I  Sept  00. 

Cleaning,  St  John,  N  B.      147-151,  V  13  No  2  Dec  98. 

Cleaning,  St  John,   N  B.      333-341,   disc  341-344,   V  13   No  4  June 

99- 
Prevention    of    accumulation    of    sediment    in.       16,   17,    V   4    No    i 

Sept  89. 
RiC'HARDS,  W.  H.      Laying  of  20-inch,  New  London,  Conn.      178,   179, 

disc  1 79-181,  V  4  No  4  June  90. 
Stacy,  G.  A.     Location  of  broken  mains  and  examination  of  hydrants 

in  cold  weather.     222-224,  V  7  No  4  June  93. 
Tilden,  J.  A.     Repairs  on  wrought  iron.      202,  V  3  No  4  June  89. 
Trautwine,  J.  C,  Jr.      Letter  in  regard  to   Poncelet's  and   Kutter's 

formulas.      18,  19,  V  i  No  2  Dec  86. 
Walker,  C.   K.      Laying  an  8-inch  main  on   Merrimac  river  bottom. 

220,  V  7  No  4  June  93. 
Maiden,  Mass. 

Allis,  S.  M.      Pipe  system.      164,  165,  V  5  No  4  June  91. 

Relaying  mains.      Diags.      79,  80,  V  5  No  2  Dec  90. 
Maiden   cement-lined   pipe.      Hawkes,    Mr.      40,   trans   83. 
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Manchester  Water  Works,  N  H. 

Walker,  C.  K.      Gate  boxes.     341,  342,  disc  343,  V  11  No  4  June  97. 
High   service.      Short   history.      66-68.     Diags,  ills,  and   report   of 

engineers,  G.  S.  Rice  &  G.  E.  Evans.      68-75,  V  10  No  i  Sept  95. 
Stave   pipe   first    used    1874.      248.      Described.      287,    V    13    No   4 
June   99. 
Manning,  George  E.     Design  of  lead  joints  for  cast-iron  pipe.      130-138, 

V  16  No  2  June  02 
Manufactories. 

Freeman,  J.   R.      Fire  protection  for  manufacturing  establishments, 

176-179,  V  7   No  3  Mar  93. 
W.\i.KER,  C.  K.,and  others.    Fire  protection  for  manufacturing  estab- 
lishments; disc.      176-179,  V  7  No  3  Mar  93. 
Manufactural    wastes.     Clark,    H.    W.     Polluting    streams.     500-510, 

disc  510-513,  V  15  No  6  Dec  01. 
Manufacturers  Nat  Gas  Co   v  Indianapolis  Street  R  R  Co  for  damages  to 

pipes  by  electrolysis.      229-231,  V  15  No  2  Dec  00. 
Marlboro  Water  Works,  Mass.     Stacy,  G.  A.    Ills.    139-150,  V  16  No  2 

Jtme  02. 
Marsh,  Henry  A.,  Mayor  of  Worcester.     Address  to  N  E  W  W  A.  14  June 

93.      I,  2,  V  8  No  I  Sept  93. 
Martin,  Cyrus  B.      Died  2  Apr  02.     Obituary  125.  V  17  No  i  Mar  03. 
Martin,  Robert  K.      Died  24  Nov  93.     Obituary  160,  V  8  No  3  Mar  94. 
Mason,  William  P.      Drinking  water  and  disease:  notes.      139-144,  V  6 

No  3  Mar  92. 
Masonry,  Concrete  of  Forbes  Hill  reservoir,  Met  W  W.      Saville,  C.  M. 

79 1-2 04,  V  16  No  3  Sept  02. 
Masonry    dams.      Noyes,    A.    F.     Comparative    sections.      Diags.      124 

V  ID  No   2   Dec  95. 
Massachusetts  great  ponds  water  law. 

Mills,  H.  F.     Act  to  protect  inland  waters.      6-10,  V  i  No  3  Mar  87. 
Stetson,  T.  M.      1-18,  V  i  No  4  June  87. 
Massachusetts  Institute  of  Technology,  Hydraulic  laboratory.     Poj^ter, 

Prof  DwiGHT.      Ills.      81-84,  V  8  No  2  Dec  93. 
Massachusetts    Metropolitan   water   supply.     Noyes,    A.    F.     Maps    and 

diags.      1 17-129.  V  10  No  2  Dec  95. 
Massachusetts   surface   water   supplies.     Haskell,   J.    C.     79-84,    V    13 

No   2    Dec   98. 
Matthews,  Nathan,  Mayor  of  Boston.     Address  to  N  E  W  W  A  thirteenth 

C(:)n\'ention.      r-5,  V  9  No   i   Sept  94. 
Mattice,    Asa    M.      Pumping    engines:    disc.      235-241,  V    11    No  3    Mar 

Mayberry,  G.  S.,  Mayor  of  Waltham.    Address  to  N  E  W  W  A,  14  Jan  gi. 

102,  103,  V  5  No  3  Mar  91. 
Mechanical    filtration  (sulphate    of  alumina).      Westo.v,  E.    B.       Diags. 
3.33-35,3.  disc  354-362,  V  14  No  4  June  00. 
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Mechanical  and  sand  filters. 

Fuller,  G.  W.     32-43,  disc  43-53,  V  14  No  i  Sept  99. 
SwARTz,  G.  T.      1-14,  disc  15-19,  V  13  No  i  Sept  98. 
Menilmontant,   France.     Swan,   C.    H.     Covered  reservoir:   description. 

51,  52,  V  3  No  I  Sept  88. 
Merits  of  various  kinds  of  street   mains.     Hall,   F.   E.      107-112,  disc 

1 1 2-1 17,  trans  85. 
Merrill,  Frank  E.,  Pres  N  E  W  W  A.     Portrait.      100,  V  17  No  i  Mar  03. 
Address  to  N   E  W  W  A,  14  Jan  03,  twenty-second  annual  meeting. 

101-108,  V  17  No  I  Mar  03. 
Service  box,  Somerville  Water  Works.      Diags.      306,  307,  V  15  No  4 
June  01. 
Merrimac   river.     Holden,    H.    G.      Pipe   across.      136,    V  5    No  3  Mar 

91. 
Metals,  Poisonous,  conveyed  by  water.     Sedgwick,   Prof    W.    T.     Blue 

Hills  case,  Milton,  Mass.      3i7,3iS,Vi5    No  4  June  01. 
Metcalf,  Leonard. 

Data  relating  to  groined  arches  in  the  United  States.     Tables.      398- 

417,  V  17  No  4  Dec  03. 
Echo   Lake   dain  at   Milford,   Mass.      Diags   and  ills.      146-156,   V   17 
No  2  June  03. 
Metered  service.     Craxdall,  F.  H.     Methods  of  assessment  and  collec- 
tion.     133-142,  disc  143-150,  V  14  No  2  Dec  99, 
Meter,  Water.     Verses  by  J.   B.   Laying  from  "  San  Francisco   Wasp." 

69,  V  I  No  I  Sept  86. 
Meters. 

Bailey,  G.  I.      Effect  on  water  consumption  in  larger  United  States 

cities.      3Si-359i  V  15  No  4  June  01. 
Baldwin,    C.   H.,  and   others.     As   detectors   of   waste   and   leakage. 

34,  35,  trans  83. 
Ball,    Phinehas,   and  others.      Disc.      41-46,   trans   83. 
Chace,  G.  F.,  and  others.     Advisability  of  meters  and  city  ownership: 
disc.     21,  22,  V  6  No  I  Sept  91. 

Fl'iction  in  rate  collection.     44-50,  V  4  No  i  Sept  89;  230-237,  disc 
238,  239,  V  14  No  3  Mar  00. 
Coggeshall,  R.  C.  P.,  and  others.      In  fire  service:    disc.     27-33,  V  6 

No  I  Sept  91. 
Crandall,  F.  H.      In  by-pass  to  determine  value  and  amount  of  water 

used.     Table,  diag.      344-347,  V  11   No  4  June  97. 
French,   E.   V.      In  factory  fire  supplies.      73-94,  disc  95-102,   V   12 

No  2  Dec  97. 
Hammond,  J.  C,  and  others.    Private  fire  supply,  charges  and  control 

of:  disc.     42  1-430,.  V  15  No  5  Sept  01. 
Haskell,   J.   C.      Use  in  distributing  systems.      102,    103,    109,  V  14 

No  2  Dec  99. 
Hawlky,  W.  C.      Results  of  meter  system,  Atlantic  City,  N  J.      Diag. 
111-119,  V  12  No  2  Dec  97. 


INDEX    TO    THE    TRANSACTIONS    AND    JOURNAL.  57 

Hazen,  Allex.     Venturi  meter  on  jjrivate    fire   supply.      295,    V   16 

No  4  Dec  02. 
Herschel,  Clemens.     Tests  of  articles  of  commerce  to  be  conducted 

by  N  E  W  W  A.      109-111,  disc  111-116,  V  10  No  2  Dec  95. 
HoLDEN,  H.  G.      Experience  with.      154-156,  V  3  No  4  June  89. 

Test  of  Venturi  meter,  Worcester.      159,  V  12  No  3  Mar  98. 
Kimball,   F.   C.     Some   6-inch  meter  tests.      305-331,   disc   331-337, 

V  17  No  4  Dec  03. 

Rice,  L.  F.      Method  and  apparatus  in  recent  tests  at  Boston.      Diags. 

67-79,  disc  80-89.  V  3  No  2  Dec  88. 

Remarks  on  meter  tests.      120-125,  V  3  No  3  Mar  89. 
Robertson,  R.  A.     Venturi  meter.      Diags  and  ills.     32-42,  disc  43- 

47,  V  7  No  I  Sept  92. 
RouLLiER,   G.   A.     Advisability  of  use.     Table.      56-58,   disc    59-65, 

V  5   No    I    Sept   90. 

Taylor,  L.  A.,  and  others.      57-60,  disc  60-68,  V  i  No  i  Sept  86. 

Experience  with  water  meter.      182,  V  6  No  4  June  92. 
Testing  of:  disc.      93,  V  2  No  i  Sept  87. 
Thomson,  John.      Is  the  game  worth  the  candle?      (Commercial  side 

of  question.)      58-67,  V  8  No  2  Dec  93. 

Uniformity  in  testing.      77-96,  disc  96-108,  V  10  No  2  Dec  95. 
Walker,  C.  K.,  and  others.    On  jaipes  for  fire  service:  disc.      342,  343, 

V  1 1  No  4  June  97. 

Whitney,  J.  C.      Care  of.      106,    107,  disc    107,  108,  V  9  No  2  Dec  94. 
Meterological  conditions  affecting  water  supply.     Niles,    Prof.     W.    H. 

74,   75, V  5  No  2  Dec  90. 
Methuen  covered  reservoir.     Fuller,  F.  L.      123,  V  8  No  3  Mar  94. 
Metric   system.     Brooks,    Frederick.     Folly  of  reckoning  by  gallons 

while  all  countries  have  identical  liters  and  cubic  meters.    258-267, 

V  17  No  3  Sept  03. 

Metropolitan  water  supply  of  Mass.     Noyes,  A.  F.     Na.shua  river  water- 
shed and  reservoir.      Map  and  diags.      1 17-129,  V  10  No  2  Dec  95. 
Metropolitan  Water  Works. 

Brackett,  Dexter.     Pipes.     325-332,  V  13  No  4  June  99. 
HoLLis,   F.   S.,  and  Parker,  H.  N.     Spot  pond  reservoir   (Middlesex 
Fells),  Chlamydomonas  in.     Diags.     26-29,  disc  30,  31,  V  14  No  i 
Sept  99. 
Howard,  J.   L.      Fells    reservoir    construction.      111.      20-32,    disc  ;i^, 

V  15  No  I  Sept  00. 

Knudson,   a.   a.,  and  others.      Forty-eight-inch  main  showing  effect 

of  electrolytic  action.     256,  V  15  No  3  Mar  01. 
Locke,   W.   W.     Sanitary  inspection.     483-489,   disc   489-492,   V   15 

No  6  Dec  01. 
NEW  W  A  visit,  12  Sept  02.     394-398,  V  16  No  4  Dec  02. 
Olmsted,  F.  L.     Landscape  problems  in  improvement  of  Middlesex 

Fells.     Ills.      272-287,  V  15  No  3  Mar  01. 
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Sando,  W.  J.      Pumping  engine  (30,000,000  gallon)  Chestnut  hill'high 

service  station.     232—243,  V  15  No  3  Mar  01. 

Pumping  machinery.      Diags,  ills.      299-304,  V  15  No  4  June  01. 
Saville,  C.  M.      Pipes  and  pipe  laying.      203-226,  disc  226-230,  V  17 

No  2  June  03. 

Reservoir  and  standpipe  construction  (Forbes  hill).      177-222,  V  16 
No  3  Sept  02. 
Swamp    ditches,    Framingham    and    Svidbury    reservoirs.      Map.      47, 

V  16  No  I  Mar  02. 

Micro-organisms.      Sedgavick,  Prof  W.  T.      Plankton  method  for  study 

of  micro-organi.sms.      57-64,  V   14  No   i   Sept  99. 
Micro-organisms  in  surface  waters.     Whipple,  G.  C.     Diags.     202-216, 

disc  216-222,  V  0  No  4  June  95. 
Microscopical  analysis  of  water.     Drown,  Prof  T.  M.     79-91,  V  4  No  2 

Dec  89. 
Microscopy  of   drinking  water.       Whipple,    G.   C.       59-62,   V   14  No   i 

Sept  99 
Middleboro,  Mass.      Beals,    J.    E.      How   we    painted    our   reservoir    or 

standpipe.      157,  158,  V  3  No  4  June  89. 
Middlesex  Fells  reservoir  construction  (Met  Water  Works). 
Howard,  J.  L.     Ills.     20-32,  disc  33,  V  15  No  i  Sept  00. 
Olmsted,    F.    L.,  jr.     Spot    pond  improvement:  landscape  problems. 

Ills.  272-287,  V  15  No  3  Mar  01. 
Middleton,  R.  E.     Watershed  areas  and  sanitary  districts  coterminous. 

1 19-129,  disc- 129-137,  V  13  No  2  Dec  98. 
Milford  Water  Works,  Mass,  filter.     Northrop,   F.   L.     262-264,   V  10 

No  4  June  96. 
Miller,   Edward   F.     Waste   heat   engines.     Diags.     44-50,    disc    50,    51, 

V  17  No  I   Mar  03. 
Mills,  Hiram  F. 

Lawrence   Water  Works  filter   and   restilts.      Diags.      44-55,   disc   56, 

57,  V  9  No  I  Sept  94. 
.  Mass   State   Board  of  health.     Act  to  protect   inland  waters  of  Mass. 

6-jo,  V  I  No  3  Mar  87. 
Typhoid  fever  in  its  relation  to  water  supplies.      149-156,  disc  156-160, 

V  5  No  4  June  91. 
Mills. 

Hammond,  J.   C,  and  others.      Private  fire  protection  supjilics:   disc. 

406-431,  V  75  No  5  Sept  01. 
Raymond,   W.   G.      Damages   to   mill   powers.      152-156,   V    13    No   2 

Dec  98. 
Milne,  Peter. 

Address  at  Amer  W  W  A  and  N  E  W  W  A  dinner,  2 1  Apr  85.    20 1 ,  202  , 

trans  85. 
Electrolysis.     46,  47,  V   10  No   i   Sept  95. 
Lead  service  pipes.      88,  V  6  No  2  Dec  91. 
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Water  meters.      108,  V  9  No  2  Dec  94. 
Milwaukee  fire  cisterns.     Benzenburg,  G.   H.     Arrangeinent  of  pipes, 

etc,  for  tire  protection.     Diag.      155-159,  V  7  No  3  Mar  93. 
Mississippi  river  water.     Weston,  R.  S.      161-168,  V  17  No  2    June  03. 
Moat,    Charles  P.      Vermont  water  supplies :  table  of  analyses.     514-521, 

V  15  No  6  Dec  01. 

Moffett,  Hodgkins  &  Clarke  case:  rem.arks  of  E.   Kuichlixg.    144-146, 

V  13  No  2  Dec  98. 

Molds  for  cast-iron  water  pipes.     Manning,  G.  E.      126-129,  V  16  No  2 

June  02. 
Monte  Rouge:  Paris.      Sw.\n.  C.  H.     Covered  reservoir.      53,  V  3  No   i 

Sept  88. 
Montreal  Water  Works. 

Janin,  George.      History  of  Montreal  Water  Works.      272-2S3,  V  17 

No  3  Sept  03,  disc  378-382,  V  17  No  4  Dec  03. 
Lesage,  T.  W.      Service  boxes.      111.    284-287,  V  17  No  3  Sept  03. 
Pitcher,  F.  H.      Pumping  by  electricity.      340-373.  V  17  No  4  Dec  03. 
Morse,  Charles  H.     Electrolysis  of  pipes.     367,  368,  V  14  No  4  June  00; 

139-145,  disc   145-147,  V  7  No  3  Mar  93. 
Morse,  James  W.     Died  23  Sept  99.    Obitttary  193,  V  14  No  2  Dec  99; 

200,  V  15  No  2  Dec  00. 
Motor,    Burlington,    Vt.      Parker,    F.    H.      High   service    motor.      Diag. 

63-66,  disc  66-68,  V  2  No  i   Sept  87. 
Motor  power :  reasons  why  it  should  not  be  furnished  from  municipal  water 

supply.     Tubes,  J.  N.      152-155,  disc  155-160,  V  6  No  4  June  92. 
Mulhouse,    Germany.      Swan,    C.    H.     Covered   reservoirs.     49-51,    V   3 

No   I   Sept   88. 
Municipal  ownership  of  water  works:  address  of  Mayor  Nathan  Matthews 

to  N  E  W  W  A,  14  June  94.      1-5,  V  9  No  i  Sept  94. 
Municipal  use  and  waste  of  water.     Venner,  John.     268-271,  V  17  No  :? 

Sept  03;  disc  374-377,  V  17  No  4  Dec  03. 
Municipal  water  supply. 

Hancock,  J.  C.      Risks  to  city  or  town  in  having  but  one  .supply  main. 

59-62,  disc  62,  63,  V  6  No  I  Sept  91. 
Hastings,   L.   M.      Loss  of  water  power  by  taking  for  city   supply. 

187-194,  disc  195-201,  V  7  No  4  June  93. 
Tubes,  J.   N.      Reasons  why  motor  power  should  not  be  furnished. 
152-155,  disc  156-160,  V  6  No  4  June  92. 
Municipal  Water  Works. 

Baker,  M.  N.      Uniformity  wanted  in  reports  of.      189-192,  V  15  No  2 

Dec  00. 
Coffin,  F.  C.     Are  they  self-supporting?     Diags.      63-86,  disc  86-98, 

V  II  No  I  Sept  96. 
Murdock,  William. 

Cleaning  a  main.      333-341,  disc  341—344,  V  13  No  4  June  99. 
Cleaning  of  mains  (St  John,  N  B).      1 47-1 51,  V  13  No  2  Dec  98. 
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Wooden  joints  in  cast-iron  water  mains.      34-37,  V  15  No  i  Sept  00. 
Murphy,   Charles  F.      Died  6  Apr  99.      Obituary  193,  V  14  No  2  Dec  99. 

Nantucket,  Mass,  Wannacomet  Water  Works. 

CoDD,    W.    F.      Filter   at   Wannacomet.      Diag.      171-174,    V   8    No   4 
June  94. 
Method  of  connecting  lead   services.      Diag.      187,    188,   V   9   No   3 

Mar  95. 
Pumping  engines.      Ills.      174-176,  V  16  No  3  Sept  02. 
Naphtha  lamps  for  melting  lead  joints.     Coggeshall,   R.   C.    P.      103, 

trans  85 
Nashua,  N  H. 

HoLDEN,  H.  G.      Water  supply.      Ills.      249-255,  V  16  No  4    Dec   02. 
Pipe  under  Nashua  river.      254—256,   disc  256—260,  V  12   No  4  June 
98. 
Nashua-Sudbury  aqueduct.     Noyes,  A.  F.     Sections.     Diag.      127,  V  10 

No  2  Dec  95. 
Nason,   William   E.     Died    10  Oct  96.     Obituary  275,   V  11  No  3   Mar 

97- 
Natick,  Mass,  covered  reservoir.     Fuller,  F.  L.   383-397,  disc  398-417, 

V   17   No  4   Dec  03. 
National  fire  protection  association.     Crosby,  E.  U.     Automatic  sprinkler 

regulations,   iSq6.      103-iog,  V  15  No  2  Dec  00. 
National  Water  Purifying  Co  filter.     111.      76,  V  2  No  i  Sept  87. 
Natural  water  filtration.     Drown,  Prof  T.  M.     91-99,  V  5  No  2  Dec  90. 
Natural  waters. 

Drowx,   Prof  T.   M.      Effect  of  aeration  on.     Tables  and  diags.    96- 

102,  V  7  No  2  Dec  92. 
HoLLis,  F.  S.     Standards  for  detecting  color  of.      104-105,  V  13  No  2 
Dec'  98. 
Necessity  and  method  of  flushing  mains.     Brown,  J.   H.     70,   71,  disc 

71-92, trans  85. 
Necessity  for  large-sized  pipes.     Darling,  Edwin.      180,  V  4  No  4  June  90. 
Necessity  for  tank  in  supplying  water.     Billings,  W.   R.     51-56,  disc 

56-6S,  trans  85. 
Nevons,  Hiram,  Pres  N  E  W  W  A. 

Address  to  N  E  W  W  A,  12  June  89,  Fall  River.      3-5,  V  4  No    i   vSept 

89. 
Causes   and   prevention   of   the   waste   of   water,      27-29,    disc   30-47, 

trans   83. 
Experience  with  a  30-inch  gate   (Fresh  pond).      212,   213,   V  4  No  4 

June  90. 
Inspection  of  meters:  disc.      66,  67,  V  i  No  i  Sei)t  86. 
Pipe  cleaning:  disc.      23,  24,  V  5  No  i  Sept  90. 
Water  pipe  trenches.      76,  V  8  No  2  Dec  93. 
Died  27  May  94.      Obituary  63,  V  9  No  i  Sept  94. 
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New  Albany,   Ind.      Weston,   R.    S.      Filter  plant.      15-1S.   V    13    No    i 

Sept  98. 
New  Bedford,  city  regulations  for  use   of  private  fire  supplies.     431-435, 

V  15  Xo  5  Sept  01. 

New  Bedford  Water  Works,  Mass. 

CoGGESHALL,    R.    C.    P.     Cleaning    distribviting   reservoir.      210,    211, 

disc  211,  212,  V  4  No  4  June  90. 

Servicebox.    Platel.    308,  V  15  No  4  June  01. 

Temporary  dam.      200,  201,  V  3  No  4  June  89. 
NEW  W  A.     Visit  of  N  E  W  W  A,  6  June  98.      35-57.  V  13  No  i 

Sept   98. 
Wood,  Edmund.      Further  water  supply  constrviction.      Diags  and  ills. 

202-219,  disc  219-225,  V  1 1  No  3  Mar  97. 
New   England   Gas   and   Coke   Co,  Everett    works:    description.     93-96, 

V  14  No  I  Sept  99. 

New  England  Water  Works  Association.     Addresses. 
Alger,  A.  R.      14  Jan  91.      102,  V  5  No  3  Mar  91. 
Arnold,  Col  Olney.     21   Apr  85.     215-219,  trans  85. 
Bancroft,  Hon  W.  A.      14  Mar  94.      167-170,  V  8  No  4  June  94. 
Batchelder,  G.  E.      14  June  94.      6-8,  V  9  No  i  Sept  94. 
Bessom,  Mayor  of  Lynn.      11  Alar  96.      291-293,  V  10  No  4  June  96. 

10  June  96.     99—101,  V  II  No  i  Sept  96. 
BooTHBY,  F.  E.      18  Sept  01.     445-447,  V  15  No  5  .Sept  01. 
Boyle,  Mayor  of  Newport.      8  Sept  97.      56,  V  12  No  i  Sept  97. 
Brackett,  Dexter,      ii  June  90.      2-4,  V  5  No  i  Sept  90. 
Brackett,  J.  Q.  A.      21  Apr  85.      206-209,  trans  85., 
Chace,  G.  F.      14  June  93.      3-5,  V  8  No  i  Sept  93. 
Cochrane,  James.     9  Sept  03.     420,  V  17  No  4  Dec  03. 
CoGGESHALL,  R.  C.  P.      16  June  86.      5-9,  V  i  No  i  Sept  86. 
Cook,  B.  I.      ig  Sept  00.      193-200,  V  15  No  2  Dec  00. 
Crandall,  F.  H.     8  Jan  02.     66-69,  V  16  No  i  Mar  02. 
Darling,  Edwin.      13  June  88.      2,  3,  V  3  No  i  Sept  88. 
DwiGHT,  H.  C.      10  June  91.      1-4,  V  6  No  i  Sept  91. 
Ellis,  G.  A.     29  Jan  85.      162-164,  trans  85. 

21  Apr  85.      1S5-188,  trans  85. 

18  June  85.      17-21,  trans  85. 
FitzGerald,  Desmond.     21  Apr  85.     213-215,  trans  85. 

8  Jan  96.      147-149,  V  10  No  3  Mar  96. 

10  Jtme  96.      loi-iog,  V  11  No  i  Sept  96. 
Forbes,  F.  F.      13  Sept  99.     180-184,  V  14  No  2  Dec  99. 
Gardner,  L.  H.     21  Apr  85.      188-195,  trans  85. 
Grant,  Hon  A.  L.      14  June  03.      118,  V  17  No  i  Mar  03. 
Hall,  F.  E.      19  June  84.      13-15,  trans  84. 
Hall,  J.  O.     20  Sept  00.     218-220,  V  15  No  2  Dec  00. 

13  Nov  01.     525-528,  V  15  No  6  Dec  01. 

10  Sept  02.     387,  388,  V  16  No  4  Dec  02. 
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Haskell,  J.  C.     8  Sept  97.      57-60,  V  12  No  i  Sept  97. 
Hill,  W.  R.,  and  Mrs.      13  Sept  99.      191,  192,  V  14  No  2  Dec  99. 
HoLDEN,  H.  G.     8  June  92.     35,  V  7  No  i  Sept  92. 
Holmes,  C.  J.      12  June  89.      i,  V  4  No  3  Sept  89. 
HosLEY,  Mayor.      15  June  87.     3,  4,  V  2  No  i  Sept  87. 
Howe,  Hon  C.  H.      11  Mar  03.      232,  233,  V  17  No  2  June  03. 
Kent,  Will.\rd.      14  Sept  98.     60-62,  V  13  No  i  Sept  98. 
Lyon,  J.  W.      21  June  83.      16-18,  trans  83. 
McGuiRE,  J.  K.      13  Sept  99.      176-179,  V  14  No  2  Dec  99. 
Marsh,  H.  A.      14  June  93.      i,  2,  V  8  No  i  Sept  93. 
Matthews,  Nathan.      14  June  94.      1-5,  V  9  No  i  Sept  94. 
Mayberry,  G.  S.      14  Jan  91.      102,  103,  V  5  No  3  Mar  91. 
Merrill,  F.  E.      14  June  03.      100-108,  V  17  No  i  Mar  03. 
Milne,  Peter,  Jr.     21  Apr  85.      201,  202,  trans  85. 
Nevons,  Hiram.      12  June  89.      3-5  V  4  No  i  Sept  89. 
NoYES,  A.  F.      10  June  91.     5,  6,  V  6  No  i  Sept  91. 
O'Brien,   Hugh.     21   Apr  85.      172,    199-201,  trans  85. 
Philbrick,  F.  J.      14  Sept  98.     58,  59,  V  13  No  i  Sept  98. 
Phillips,  H.  M.      18  June  85.      12,  13,  trans  85. 
RoBBiNS,  G.  A.      13  June  88.      i,  2,  V  3  No  i  Sept  88. 
Robinson,  G.  D.     21  Apr  85.      195-199,  trans  85. 
RoTCH,  Morgan.    16  June  86.     3,  4,  V  i  No  i  Sept  86. 
Sherman,  W.  B.     21  Apr  85.     209-211,  trans  85. 
SiMiN,  Nicholas.     8  Sept  97.     65,  V  12  No  i  Sept  97. 
Simmons,  W.  A.     21  Apr  85.     202-205,  trans  85. 
Spellman,  J.  D.      19  Sept  00.      196,  V  15  No  2  Dec  00. 
Stacy,  G.  A.      15  June  94.      17,   18,  V  9  No  i  Sept  94. 

II  Sept  95.      5-8,  V  10  No  I  Sept  95. 
Sullivan,  J.  F.     8  June  92.      i,  2,  V  7  No  i  Sept  92. 
Walker,  C.  K.      14  Jan  03.      120,  121,  V  17  No  i  Mar  03. 
Wells,  H.  J.     21  Apr  85.     211,  212,  trans  85. 

Woodbury,  Governor  of    Vermont.      11    Sept   95.     3,   4,  V  10   No   i 
Sept  95. 
N  E  W  W  A  Committees. 
Executive  committee. 

Recommend   amendment    of   by-laws,   article    III   of   constitution. 

164,   165,  trans  85. 
Recommend  amendment  of  article    VII,  §  3,  of  constitution  as  to 

place  of  meeting.     71,  72,  74-76,  V  13  No  i  Sept  98. 
Reports.      20,  21,  trans  83. 

17,  18,  trans  84. 

166,  V  16  No  2  June  02. 

400,  401,  V  16  No  4  Dec  02. 

234,  V  17  No  2  J'une  03. 

300-302,  V  17  No  3  Sept  03. 

430,  V  17  No  4  Dec  03. 
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Committee  on  badges.      Reports.      18,  V  2  No  i  Sept  87;      12,  V  6  No  i 

Sept  91;   9,  10,  V  7  No  I  Sept  92;    sample  button  exhibited,   9,  V  4 

No  I  Sept  89;  adopted,  15,  V  4  No  i  Sept  89. 
Committee  on  blue    prints-  and  sketches.      Reports.      16-19,   55'  ^^   ^ 

No  I  Sept  86;  27-29,  V  i  No  3  Mar  87;  22-25,  V  2  No  i  Sept  87; 

62,  86-91,  V  2  No  r  Sept  87;  34,  V  2  No  2  Dec  87;   17,    18,  V  3   No    i 

Sept  88;  9,  V  4  No  i  Sept  89;  10,  V  5  No  i  Sept  90;  9-13,  V  6  No  i 

Sept   91. 
Committee  on  cast-iron  pipe:  suggestions  for  report.      12-15,  V  i  No  i 

Sept  86;  reports  91-93,  V  2  No  i  Sept  87;  223,  V  15  No  2  Dec  00; 

preliminary   report   on   standard   specifications,   with    disc.    85-98, 

disc  99-138,  V    16   No   2    June     02,    final   report     330-334,    tables 

and  diags  335-366,  disc  367-383,  V  16   No  4  Dec  02;  84-96,   V   17 

No  I  Mar  03 
Committee  on  election  of  officers.     Coinmittee  to  investigate  methods 

of  electing.      148,  149,  V  5  No  4  June  91. 
Committee  on  entertainment.      Report.      25,   26,  trans  85. 
Committee  on    private    fire    protection.    Apportionment    of    charges: 

disc,  406-431;  city  regulations  of  Providence,  R  I,  San    Francisco, 

Cal,  and  New   Bedford,  Mass,    438-440,  V  15  No  5  Sept  01:  report, 

290-314;    appendix,   conditions,    and     conclusions,    315-329,    V   16 

No  4  Dec  02.      Report,  425,  426,  V  17  No  4  Dec  03. 
Committee  on  meeting.     Appointed.      11,  12,  V  7  No  i  Sept  92;  report 

on  place,   133-135,  V  7  No  3  Mar  93;  115,  116,  V  11    No  i    Sept  96; 

71,  72,  74-76,  V  13  No  I  Sept  98. 
Committee  on  pipe  joints.      Report  on  pipe  joints  and  special  castings. 

13,  V  3  No  I  Sept  88. 
Committee  on  water  rates. 

Uniform  classification.      15,    16,  V  i   No   i   Sept  86;   18,  32-42,  disc 
42-44,  V  2  No  I   Sept    87;  9,   ID,  V  5  No  I  Sept  90;  39-43.  disc 
43-47,  V  6  No  I  Sept  91. 
Committee  on  water  works.     Report  on  cause  and  prevention  of  waste 

of  water.      27-29,  disc  30-47,  trans  83. 
Committee  on  water-w-orks  statistics. 

Report.      123-140,  trans  85;  9,  10,  V  8  No  i  Sept  93;  127-134,  V  9 
No  2  Dec  94. 

Report  on  uniformity  of  statistics :   disc.     66-72,  trans  84;   11S-140, 
disc  141-148,  trans  85;  9,  10,  V  8  No  i  Sept  93. 

Form  adopted  by  N  E  W  W  A.      192,  193,  V  15  No  2  Dec  00. 
Report    on   uniformity    (Sherman,    C.    W.).      450-452,    V    15    No    5 
Sept  01. 

Report  on  uniformity  of  statistics.      51-58,  disc  59-61,  V  16  No   i 
Mar  02. 

•  Report.      263-266,  disc  266-270,  V  16  No  4  Dec  02. 
Committee   to   nominate  officers    appointed.       201,    V  9    No    4  June 

95- 
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N  E  W  W  A. 

Change  of  date  of  annual  convention.      200,  201,  V  9  No  4  June  05. 
Constitution  and  by-laws:  pamphlet.      23  pp.      1882.   Trans  82;  1-9, 

trans  83;  5-8,  trans  84;  5-8,  trans  85. 

Recommend  amendment  to  article  III.      164,  165,  trans  85. 

Revision.      11,  V  i  No   i    Sept    86;  draft:    disc;    207-215,  V  15  No  2 
Dec  00. 

Amendment  of  article  VII,  §3.      71,  72,  74-76,  V  13  No  i  Sept    98. 

Amendment  as  to  place  of  meeting,  proposed.      71,  72,  disc  74-76, 

V  13  No  1  Sept  98. 

Constitution  adopted  19   Sept  00.    8  pp  after  298,  V  15  No  3  Mar  01; 

1-5,  V  16  No  I  Mar  02. 
Consumption  of  water:  statistics. 

1886.  29,  V  I  No  4  June  87. 

1887.  29,  V  2   No  4  Jtme  88. 
1888-92.     After  225,  V  7  No  4  June  93. 

1893.  132,  V  9  No  2  Dec  94. 

1894.  136,  V  10  No  2  Dec  95. 

1895.  278,  V  12  No  4  June  98. 

1896.  286,  V  12  No  4  Jtme  98. 

1897.  73,  V  15  No  I  Sept  00. 

1898.  83,  V  15  No  I  Sept  00. 

1899.  93,  V  15  No  I  Sept  00. 

1900.  384,  385,  V  15  No  5  Sept  01. 

1901.  238,  239,  V  16  No  3  Sept  02. 

1902.  252,  253,  V  17  No  3  Sept  03. 
Consumption  of  water:  statistics.      Members'  statements. 

1894.      144-146,  V  9  No  3  Mar  95. 
Distribution  statistics.    Tables,  main  and  service  pipes. 

i88'6.  Main,  30,  V  i  No  4  June  87.  Service,  31,  V  i  No  4  June  87. 
1887.  Main,  30,  V  2  No  4  June  88.  Service,  31,  V  2  No  4  June  88. 
1888-92.     Main,  after  225,  V  7  No  4  June  93.    Service,  after  225, 

V  7  No  4  June  93. 

18^3.     Main,    133,    V   9    No    2    Dec   94.     Service    134,   V  9   No    2 
Dec  94. 

1894.  Main,  137,  V  10  No  2  Dec  95.      Service,  138,  V  10  No  2  Dec  95. 

1895.  Main,  279,  V  12  No  4  June    98.      Service,  280,    V    12    No    4 
June  98. 

1896.  Main,  287,  V  12  No  4  June  98.      Service,  288,  V  12  No  4  June 
98. 

1897.  Main,    74,   V    15    No    i    Sept   00.     Service    75,   V    15    No    i 
Sept  00. 

1898.  Main,  84,  V  15  No  i  Sept  00.     Service,  85,  V  15  No  i  Sept  00. 

1899.  Main,  94,  V  Is  No  I  Sept  00.     Service,  95,  V  15  No  i  Sept"  00. 

1900.  Main,  386,  387,  V  15  No  5  Sept  01.     Service,  388,  389,  V  15 
No  5  Sept  01. 
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1901.  Main,  240,  241,  V  16  No  3  Sept  02.  Service,  242,  243,  V  16 
No  3  vSept  02. 

1902.  Main,  254,  255,  V  17  No  3  Sept  03.  Service,  256,  257,  V  17 
No  3   Sept  03. 

Entertainments. 

1883,  June  22.  Second  annual  convention,  Worcester:  visit  to 
Chapmah  Valve  Co.     47,  48,  trans  83. 

1884,  June  19.  Third  annual  excursion:  to  Tyng's  island.  77,78, 
trans  84. 

1885,  June  19.  Fourth  annual  entertainment,  at  '  Springfield. 
153,  trans  85. 

1885.      Entertainment  at  meetings  discussed.      166-169,  trans  85. 

1885,  Apr  21.  Entertainments  at  joint  meetingwith  Amer  W  W  A. 
178-220, trans  85. 

1886,  June  16.  Fifth  annual  meeting,  New  Bedford.  82,  83,  V  i 
No   I   Sept  86. 

1887,  June  15.  Sixth  annual  entertainment,  Manchester,  N  H, 
Fletcher's  iteland,  Massabesic  lake.      99,  100,  V  2  No  r  Sept  87. 

1888,  June  13.  Seventh  annual  entertainment,  excursion  down 
Providence  river.      20,  V  3  No  i  vSept  88. 

1889,  June  14.  Eighth  annual  entertainment.  Fall  River,  excur- 
sion to  Newport.      26,  V  4  No  i  Sept  89. 

1891,  June  10.  Tenth  annual  convention:  ride  to  Hartford  reser- 
voirs.     14,  V  6  No   I   Sept   91. 

1892,  June  8.  Eleventh  annual  entertainment,  ascent  of  Mount 
Holyoke.      14,  V  7  No  i  Sept  92. 

1893,  June.  Twelfth  annual  convention,  Worcester,  Lake  Quinsig- 
amond.      13,  14,  V  8  No  i  Sept  93. 

1894,  June  15.  Thirteenth  annual  convention,  Boston,  Echo 
bridge,  Newton,  etc.,  and  sail  round  Boston  harbor.  18,  19,  V  9 
No  I  Sept  94.  ■ 

1895,  Sept  II.  Fourteenth  annual  convention,  Burlington,  Vt. 
Visits  to  Ausable  chasm  and  Fort  Ethan  Allen.  28,  V  10,  No  i 
Sept   95. 

1898,  June  6.  June  field  day:  inspection  of  water  system.  New 
Bedford,  Mass.     55-57,  V  13  No  i  Sept  98. 

1899,  June  14.  June  outing:  Everett  works,  N  E  Gas  and  Coke 
Co.     92-96,  V  14  No  I  Sept  99. 

1899,  Sept  14.  Eighteenth  annual  excursion,  to  Lake  Skaneateles 
and  Glen  Haven,  by  steamer.      188,  V  14  No  2  Dec  99. 

1900,  Mar  14.  Excursion  to  Brookline  Water  Works.  375,  V  14 
No  4  June  00. 

1900,     June  13.  Visit  to  Met  Water  Works  at  Spot  pond  and  Fells 

reservoir,  etc.  64,  V  15  No  i  .Sept  00. 

1902,      Sept    12.  Visit    to    Met  Water  Works.    394-398,  V  16  No  4. 

Dec  02. 
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Exhibits. 

19,  20,  V  3  No  I  Sept  88;  27,  V  4  No  i  Sept  89;  31,  32,  V  5  No  i 
Sept  90;  14,  15,  V  7  No  I  Sept  92;  14,  15,  V  8  No  i  Sept  93; 
19,  V  9  No  I  Sept  94;  28,  29,  V  10  No  i  Sept  95;  116,  117,  V  11 
No  I  Sept  96;  71,  V  12  No  I  Sept  97;  72,  73,  V  13  No  i  Sept  98; 
175.  176,  V  14  No  2  Dec  99;  216,  V  15  No  2  Dec  00;  452,  453, 
V  15  No  5  Sept  01;  393,  V  16  No  4  Dec  02;  427,  V  17  No  4 
Dec  03. 

Financial  statements. 

1883.  21-23,  trans  S3. 

1884.  19^21,  trans  84. 

1885.  23,  24,  trans  85. 

1886.  9-1 1,  V  I  No  I  Sept  86. 

1887.  .5,  6,  V  2  No  I  Sept  87. 

1888.  5-7,  V  3  No  I  Sept  88. 

1889.  6-8,  V  4  No  I  Sept  89. 

1890.  6-8,  V  5  No  I  Sept  90. 

1891.  7,  8,  V  6  No  I  Sept  91.  .  * 

1892.  6-8,  V  7  No  I  Sept  92. 

1893.  5-8,  V  8  No  I   Sept  93. 

1894.  8-12,  V  9  No  I  Sept  94. 

1895.  8-11,  V  10  No  I  Sept  95. 

1896.  109-112,  V  II  No  I  Sept  96. 

1897.  60-64,  V  12  No  I  Sept  97. 

1898.  63-66,  V  13  No  I  Sept  98. 

1899.  184-186,  V  14  No  2  Dec  99. 

1900.  200-202,  V  15  No  2  Dec  00. 

1900.  293-295,  V  15  No  3  Mar  01. 

1901.  69-79,  V  16  No  I  Mar  02. 

1902.  111-113,  V  17  No  I  Mar  03. 

Financial  statistics.     Form.      1902.     263,  264,  V  16  No  4  Dec  02. 
Financial  statistics:  tabulations. 

1888-92.     After  225,  V  7  No  4  Jtme  93. 

1-893.      ^3°'  13I'  V  9  No  2  Dec  94. 

T894.      134,  135-  V  10  No  2  Dec  95. 

1895.  276,  277,  V  12  No  4  June  98. 

1896.  284,  285,  V  12  No  4  June  98. 

1897.  69-72,  V  15  No  I  Sept  00. 

1898.  79-82,  V  15  No  I  Sept  00. 

1899.  89-92,  V  15  No  I  Sept  00. 

1900.  376-383,  V  15  No  5  Sept  01. 
190T.  230-237,  V  16  No  3  Sept  02. 
1902.      244-251,  V  17  No  3  Sept  ©3. 

Fire    i)ii>e    committee.      Private   fire   services.      201-202,    V    17    No    2 

June   03. 
Ileaciciuarters  of  N  E  W  W  A. 
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Discussion   and   recommendation   of  permanent   headquarters.      11, 

V6  No  I  Sept  91. 
Report   of  execvitive   committee.      11-15,    disc    18-24,    V    10    No    i 

Sept  95. 
Established  at  Tremont  Temple,  Boston.      148,  V  10  No  3  Mar  96; 

ill  277,  V   II   No  4  June  97. 
History  of  N  E  W  W  A. 
Twenty   5-ears  after  (inauguration).  Coggeshall,  R.   C.   P.    271-289, 

V  16  No  4  Dec  02. 

Portraits.     276-284,  V  16  No  4  Dec  02. 
Journal  of  N  E  W  W  A. 

Advertisements  in  "  Journal."     362,  363,  V  15  No  4  June  01. 

Advertising  agent's  reports.      77-79,  V  16  No  i  Mar  02. 

As  quarterly:  disc.     85,  V  2  No  i  Sept  87. 

Editorial,      i,  V  i     No  i  Sept  86. 

Index  to  be  prepared.      400,  401,  V  16  No  4  Dec  02. 

Junior  editor.      362,  363,  V  15  No  4  June  01. 

Report 1899-1900.      204-206, V 15  No  2  Dec  00 ;  1900-1901,  74-77, 
V  16  No  I  Mar  02;  1902,  114-117,  V  17  No  i  Mar  03. 

Salary.      13,  V  4  No  i  Sept  89. 
Meetings  and  conventions.  Annual. 

ist.   Boston,  19  Apr  82.      Proceedings.      23  pp  pamphlet.    Trans  82. 

2d.  Worcester,  21  June  83.      Proceedings.      13-48,  trans  83. 

3d.   Lowell,  19,  20  June  84.      Proceedings.      11-78,  trans  84. 

4th.   Springfield,    18,   19  Jtme  85.      Proceedings.      11-225,  trans  85. 

5th.   New  Bedford,    16   Jtme  86.     Proceedings.      3-86,     V    i    No   i 

Sept   86. 
6th.   Manchester,     N     H,      15-17     June     87.      Proceedings.      3-100, 

V  2  No  I  vSept  87. 

7th.   Providence,   R   I,    13-15   June   88.       Proceedings.      1-20,   V   3 

No  I  vSept  88. 
8th.   Fall   River,    12-14   June   89.      Proceedings.      1-64,    V   4   No    i 

Sept  89.  • 

9th.   Portland,  Me,   11-13  June  90.      Proceedings.      1-32,  V   5  No   i 

Sept   90. 
loth.   Hartford,  Conn,  10-12  June  91.    Proceedings.    1-17,  V  6  No  1 

Sept  91. 
nth.   Holyoke,  8-10  June  92.      Proceedings.    1-14,  V  7  No  i  Sept  92. 
12th.  Worcester,    14-16   Jtine   93.      Proceedings.      1-17,   V   8   No    i 

Sept  93. 
13th.   Boston,  14-16  June  94.      Proceedings.      1-24.  V  9  No  i  Sept  94. 
14th.   Boston.  12  June  95.      Proceedings,      i,  2,  V  10  No  i  Sept  95. 
Burlington.  Vt.     Annual  convention.      11-13   Sept  95.     Pro- 
ceedings.     2-32,  V  10  No  I  Sept  95. 
15th.   Lynn,    10-12    June    96.      Proceedings.      99-120,    V    11    No    i 

Sept  96. 
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1 6th.   Newport,   R   I.     Annual   convention.      S-io     Sept   97.      Pro- 
ceedings.    56-71,  V  12  No  I  Sept  97. 
17th.   Portsmouth,    N    H.     Annual    convention.      14-16     Sept     98. 

Proceedings.     58-78,  V  13  No  i  Sept  98. 
i8th.   Syracuse,  N  Y.     Annual  convention.      13-15  Sept  99.      Pro- 
ceedings.     174-192,  V  14  No  2  Dec  99. 
19th.   Boston,    13    June    00.       Proceedings.       63,     64,    V    15    No    i 
Sept   00. 

Rutland,    Vt.     Annual    convention.      19,    20    Sept     00.      Pro- 
ceedings.     194-220,  V  15  No  2  Dec  00. 
20th.  Annual  meeting.  9  Jan  01.      290-296,  V  15  No  3  Mar  01. 

Portland,    Me.     Annual    convention.      18-20    Sept    01.      Pro- 
ceedings.    443-454.  V  15  No  5  Sept  01. 
2ist.   Annual  meeting.      8  Jan  02.      65-Si,  V  16  No  i  Mar  02. 
2 1  St.   Boston.     Anntial  convention.    10-12   Sept  02.      Photo  group. 

384.      Proceedings.      384-398,  V  16  No  4  Dec  02. 
22d.  Annual  meeting.      14  Jan    03.      Proceedings.      99-121,    V     17 

No  I  Mar  03. 
22d.   Montreal,   9-1 1    Sept   03.     Anntial    convention.      Proceedings. 
418-429,  V  17  No  4  Dec  03. 
Meetings:  general. 

1882,  Oct     II.        Salem,      Essex     House.       Proceedings.       11-13, 
trans  83. 

1883,  Sept  19.     Pawtucket,  R  I.     Proceedings.     49-52,  trans  83. 

1884,  Sept   24.      Newton.      Proceedings.      79-82,  trans  84. 

1885,  Tan  29.      Boston.      Proceedings.      160-169,  trans  85. 

•  1886,  Sept  15.      Lawrence.      Quarterly  meeting:  proceedings.     3-28, 

V  I  No  2  Dec  86. 

Dec  7.      Boston.      Quarterly  meeting:  proceedings.      3,  4,  V  i 
No  3  Mar  87. 

1887,  Mar    9.      Boston.      Quarterly    meeting:    proceedings.      18-26, 

V  I  No  4  June  87. 

Dec  14.      Boston.      Quarterly  meeting:  proceedings.    3-29,  V  2 
No  3  Mar  88. 

1888,  Jan  II.      Boston.      Adjourned  meeting:    proceedings.      29-53, 

V  2  No  3  Mar  88. 

Feb  15.      Boston.     Adjourned  meeting:   proceedings.    3-6,  V  2 

No  4  June  88. 
Mar    14.      Boston.      Quarterly   meeting:    proceedings.      6-26, 

V  2  No  4  June  88. 

Sept  12.      Cambridge.    Quarterly  meeting:  proceedings.    67-98, 

V  3  No  2  Dec  88. 

Dec  12.      Boston.      Qviarterly  meeting:  proceedings.     101-103, 

V  3   No  3  -Mar  89. 

18S9,  Jan  16.      Boston.    Adjourned  meeting:  proceedings.     103-142, 

V  3   No  3   Mar  89. 
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Feb  13.      Boston.    Adjourned  meeting:  proceedings.     145-147, 

V  3  No  4  June  89. 

Mar  13.      Boston.     Quarterly  meeting;  proceedings.     147-153, 

V  3  No  4  June  89. 

Decir.      Boston.  Quarterly  meeting:  proceedings.   65-68,  V  4 
No  2  Dec  89. 

1890,  Jan  8.      Boston.  Proceedings.      93-95,  V  4  No  3  Mar  90. 
Feb  12.      Boston.  Proceedings.      173-175.  V  4  No  4  June  90. 
Mar  12.     Boston.  Qviarterly  meeting:  proceedings.     175-178, 

V  4  No  4  June  90. 

Dec    10.      Boston.     Quarterly   meeting:    proceedings.      71-82, 

V  5  No  2  Dec  90. 

1891,  Jan  14.      Boston.      Proceedings.      101-108,  V  5  No  3   Mar  91. 
Feb  II.      Boston.      Quarterly  meeting:  proceedings.     109-115, 

V  5  No  3  Mar  91. 

Mar  II.      Boston.      Proceedings.      145-149,  V  5  No  4  June  91. 
Dec   9.      Boston.     Quarterly  meeting:   proceedings.      99,    100. 

V  6   No  3    Mar  92. 

1892,  Jan  13.      Boston.     Adjourned  meeting;  proceedings.      101,102, 

V  6  No  3  Mar  92. 

Feb  10.      Boston.     Adjourned  meeting:  proceedings.    147-149, 

V  6  No  4  June  92. 

Mar  9.      Boston.      Qviarterly  meeting:  proceedings.     150,   151, 

Vol  6  No  4  June  92. 
Dec   14.   Boston.     Quarterly  meeting:  proceedings.      131-136, 

V  7  No  3  Mar  93. 

1893,  Jan  II.      Boston.     Adjourned  meeting:  proceedings.    136-138, 

V  7  No  3  Mar  93. 

Feb  8.      Boston.     Adjourned  meeting:  proceedings.     181-1S5, 

V  7  No  4  June  93. 
Mar  8.      Boston.      Quarterty  meeting:    proceeding.       184-186, 

V  7  No  4  June  93. 

Dec  13.      Boston.      Quarterly  meeting:  proceedings.     109-111, 

V  8  No  3   Mar  94. 

1894,  Jan  10.     Boston.     Adjourned  meeting:  proceedings.    111,112, 

V  8  No  3   Mar  94. 

Feb  16.      Boston.     Adjourned  meeting:  proceedings.     161-163, 

V  8  No  4  June  94. 

Mar  14.      Boston.     Quarterly  meeting:  proceedings.     163-166, 

V  8  No  4  June  94. 

Dec  12.      Boston.     Quarterly  ineeting:  proceedings.     i35-i39> 

V  9  No  3  Mar  95. 

1895,  Jan  9.      Boston.     Adjourned  meeting:  proceedings.     139-146, 

V  9  No   3   Mar  95. 

Feb    13.     Boston.    Adjourned  ineeting:  proceedings.    191-198, 

V  9  No  4  June  95. 
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Mar  13.     Boston.      Quarterly  meeting:  proceedings.     198-201, 

V  9  No  4  June  95. 

June  12.      Boston.     Anntial  meeting:  proceedings.     1-2,  V  10 

No  I  Sept  95. 
Dec  II.      Boston.      Quarterly  meeting:  proceedings.     141-146, 

V  10  No  3  Mar  96. 

1896,  Jan  8.      Boston.     Adjourned  meeting:  proceedings.     146-149, 

V  10   No   3    Mar  96. 

Feb  12.      Boston.      Adjourned  meeting:  proceedings.    287-289, 

V  10  No  4  June  96. 

Mar  II.      Boston.      Quarterly  meeting:  proceedings.     289-293, 

V  10  No  4  June  96. 

Dec  9.      Boston.      Quarterly  meeting:  proceedings.     266,  267, 

V  II  No  3  Mar  97. 

1897,  Jan  13.      Boston.     Adjourned  meeting:  proceedings.    268-270, 

V  II  No  3  Mar  97. 

Feb  10.      Boston.     Adjourned  meeting:  proceedings.    271-274, 
■   V  II  No  3  Mar  97. 
Mar  10.      Boston.      Quarterly  meeting:  proceedings.    358-360, 

V  II  No  4  June  97. 

Dec  8.      Boston.      Quarterly  meeting:  proceedings.     204,  205, 

V  12  No  3  Mar  98. 

1898,  Jan  12.      Boston.     Adjourned  meeting:  proceedings.    206,207, 

V  12  No  3  Mar  98. 

Feb  9.      Boston.     Adjourned  meeting:  proceedings.      289,  290, 

V  12   No  4  June  98. 

Mar  9.      Boston.      Quarterly  meeting:  proceedings.     290,  291, 

V  12  No  4  June  98. 

Dec  14.      Boston.      Quarterly  meeting:  proceedings.     242-244, 

V  13  No  3  Mar  99. 

1899,  Jan  II.      Boston.     Adjourned  meeting:  proceedings.    345-348, 

V  13  No  4  June  99. 

Feb   8.      Boston.     Adjourned   meeting:   proceedings.      88,   89, 

V  14   No    I    Sept   99. 

Mar    8.      Boston.      Quarterly    meeting:    proceedings.       89-92, 

V  14   No    I    Sept   99. 

Dec  13.      Boston.      Quarterly  meeting:  proceedings.    286,  287, 

V  14  No  3  Mar  00. 

1900,  Jan  10.      Boston.     Adjourned  meeting:  proceedings.    287-289, 

V  14  No  3  Mar  00. 

Feb  14.      Boston.     Adjourned  meeting:  proceedings.    289-290, 

V  14  No  3  Mar  00. 

Mar  14.     Boston.     Quarterly  meeting:  proceedings.    373-375. 

V  14  No  4  JUne  00. 

June    13.     Boston.     Annual    meeting:    proceedings,       63-64, 

V  15   No  I  Sept  00. 
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Nov  14.      Boston.      Proceedings.      221,  222,  V  15  No  2  Dec  00. 
Dec  12.      Boston.      Proceedings.      288,  289,  V  15  No  3  Mar  01. 

1901,  Jan    9.      Boston.     Annual    meeting:    proceedings.       290-296, 

V  15  No  3  Mar  01. 
Feb  13.      Boston.      Proceedings.     297,  298,  V  15  No  3  Mar  01. 
Mar  13.      Boston.      Proceedings     360-363,  V  15  No  4  June  01. 
June    12.     Somerville.     Proceedings.      441-443,    V    15    No    5 

Sept   01. 
Dec  II.     Boston.     Proceedings.   62-64,  V  16  No  i  Mar  02. 

1902.  Jan  8.      Boston.     Annual  meeting:  proceedings.     65-81,  V  16 

No  I  Mar  02. 
Feb  12.      Boston.      Proceedings.   82-84,  V  16  No  i  Mar  02. 
Mar  12.      Boston.      Proceedings.    164,  165,  V  16  No  2  June  02. 
June  25.      Boston.      Proceedings.    244-246,  V  16  No  3  Sept  02. 
Nov  12.      Boston.      Proceedings.    389-400.  V  16  No  4  Dec  02. 
Membership  roll. 

1882.  Pamphlet,   23   pp,  trans  83. 

1883.  53,  54,  trans  83.      1884.     85,  86,  trans  84. 
1885.      13-16,  trans  85.      i  Jan  86.      232-235,  trans  85. 
30  Jan  86.      7-10,  trans  86.     87-91,  V  i  No  i  Sept  86. 

June  87.      104-109,  V  2  No  I  Sept  87.      i  Sept  88.  16-page  pamphlet, 
after  66,  V  3  No  i  Sept  88.     Correotions  to  Sept  88.     After  100, 

V  3  No  2  Dec  88.  i  Mar  89,  16  pp  after  143,  V  3  No  3  Mar  89. 
1889.  22  pp  after  64,  V  4  No  i  Sept  89.      i  Sept  90,  24  pp  after  69, 

V  5  No  I  Sept  90.  I  Apr  91,  24  pp  after  144,  V  5  No  3  Mar  91. 
I  Sept  91,  24  pp  after  188,  V  6  No  4  June  92.  i  May  92,  with  roll 
of,  I  Sept  91,  after  188,  V  6  No  4  June  92.  10  Mar  93,  24  pp  (8-17 
missing)  after  180,  V  7  No  3  Mar  93.     June  94.  28  pp  after  195, 

V  8  No  4  June  94.  June  95,  31  pp  after  248,  V  9  No  4  June  95. 
I  Sept  97,  32  pp  after  72,  V  12  No  i  Sept  97.  i  Sept  98,  ^^  pp 
after  156,  V  13  No  2  Dec  98.  i  Sept  99,  32  p])  after  194,  V  14 
No  2  Dec  99.  Mar  01,  48  pp  after  298,  V  15  No  3  Mar  01.  i  Feb 
02,  7-31  pp. 

Geographical  distribution  of  members.      32-35,  V  16  No  i  Mar  02. 
Members —  Obituary. 

Ball,  Phinehas.      19  Dec  94.      189,  V  9  No  3  Mar  95. 

Barbour,  William  S.      24  Feb  89.      143,  V  3  No  3  Mar  89,  resolution 
on  death;  148,  149,  V  3  No  4  June  89. 

Batchelder,  George  E.      12  Mar  99.     349,  V  13  No  4  Jtme  99. 

Battles,  James  Monroe.     8  July  01.     455,  V  15  No  5  Sept  01. 

Bickford,  Nathan  B.      24  June  99.      200,  V  15  No  2  Dec  00. 

Boyce,  W.  C.      15  July  89.     65,  V  4  No  i  Sept  89. 

Brainerd,  C.  M.     25  Dec  93.      195,  V  8  No  4  Jime  94. 

Brush,  Charles  B.      3  June  97.      72,  V  12  No  i  Sept  97. 

Chaffee,  Fred  I.     28  Nov  95.      140,  V  10  No  2  Dec  95. 

Chandler,  Henry.      10  Oct  00.      224,  V  15  No  2  Dec  00. 
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Clark,  Ezra.      26  Sept  96.      275,  V  11  No  3  Mar  97. 

Conant,  Henry  W.      18  Nov  99.      19,  V  14  No  2  Dec  99;      200,  V  j  15 

No  2  Dec  00. 
Coolidge,  Samuel  S.      9  Mar  89.      209,  V  3  No  4  June  89. 
Coryell,  Martin.      30  Nov  86.      loi,  V  2  No  i  Sept  87. 
Cotton,  J.  Warren.      30  July  84.      83,  trans  84. 
Crehore,  Dr  Charles  F.      7  Nov  93.      108,  V  8  No  2  Dec  93. 
Crilly,  Patrick  F.     25  Mar  01.     364,  V  15  No  4  June  01. 
Davidson,  James.     4  Dec  91.      188,  V  6  No  4  June  92. 
Decker,  John  H.     8  Mar  01.      455.  V  15  No  5  Sept  01. 
Dennett,  Nathaniel       21  Feb  00.     375,  V  14  No  4  June  00;  200,  V  15 

No  2  Dec  00. 
Dixon,  William.      12  Sept  93.      108,  V  8  No  2  Dec  93. 
Doherty,  Cornelius.  F.      17  Nov  95.      140,  V  10  No  2  Dec  95. 
Downey,  William,      i  Oct  01.      247,  V16  No  3  Sept  02. 
Dyer,  Charles  R.      12  Sept  93.      195,  V  8  No  4  Dec  94. 
Eaton,  Horace  L.     23  Nov  95.      139,  V  10  No  2  Dec  95. 
Fuller,  Frank  E.      i  Aug  02.     247,  V  16  No  3  Sept  02. 
Gale,  James  M.     7  Sept  03.     303,  V  17  No  3  Sept  03. 
Garrett,  Jesse.     27  Apr  99.     349,  350,  V  13  No  4  June  99. 
Gow,  Robert  M.      6. June  92.      88,  V  7  No  i  Sept  92. 
Granniss,  Sherman  E.      10  Aug  93.      53,  V  8  No  i  Sept  93. 
Grush,  Benjamin.     3  May  91.     64,  V  6  No  i  Sept  91. 
Hancock,  Joseph  C.      12  July  02.      247,  V  16  No  3  Sept  02. 
Harlow,  Mellen  S.      11  Dec  95.     298,  V  15  No  3  Mar  01. 
Harrington,  John  L.      16  Aug  95.    '  76,  V  10  No  i  Sept  95. 
Haskell,  John  C.      12  June  00.      200,  V  15  No  2  Dec  00. 
Hawes,  William  M.      16  Feb  98.      292,  V  12  No  4  June  98. 
Hodge,  Thomas  A.      16  Dec  87.     36,  V  2  No  3  Mar  88. 
Holden,  Andrew,  n.  d.      200,  V  15  No  2  Dec  00. 
Horton,  Sylvanus.      19  Apr  88.      27,  V  2  No  4  June  88. 
Hotchkin,  George  A.      6  Oct  02.      402,  V  16  No  4  Dec  02. 
Jenkins,  George  S.      12  Nov  00.      224,  V  15  No  2  Dec  00. 
Kempton,  David  Batchelder.     4  Mar  99.    349,  350,  V  13  No  4  June  99. 
Laing,  William  H.     5  Aug  01.     456,  V  15  No  5  Sept  01. 
Leach,  Samuel  B.     28  Jan  92.      145,  V  6  No  3  Mar  92. 
LeBaron,  Eugene  P.      i  Dec  93.      160,  V  8  No  3  Mar  94. 
Linsley,  Dr  J.  H.      17  Feb  01.     364,  V  15  No  4  June  01. 
Locke,  Augustus  W.      14  May  93.      227,  V  7  No  4  June  93. 
Lockwood,  Joseph  A.     24  Aug  97.     72,  V  12  No  i  Sept  97. 
McClallan,  William  C.      15  Sept  88.     99,  V  3  No  2  Dec  88. 
McLaughlin,  Thomas  H.      17  Dec  93.      195,  V  8  No  4  June  94. 
Martin,  Cyrus  B.    ^2  Apr  02.      125,  V  17  No  i  Mar  03. 
Martin,  Robert  K.     24  Nov  93.      160,  V  8  No  3  Mar  94. 
Morse,  James  W.     23  Sept  99.      193,  V  14  No  2  Dec  99;  200,  V  15 

No  2  Dec  00. 
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Mvirphy,  Charles  F.      6  A]jr  99.      193,  V  14  No  2  Dec  99. 

Nason,  William  E.      10  Oct  96.      275,  V  11  No  3  Mar  97. 

Nevons,  Hiram.      27  Mar  94.      63,  V  9  No  i  Sept  94. 

Nichols,  Prof  William  Ripley.      14  July  86.     27,  28,  V  i  No  2  Dec  86. 

Noyes,  Albert  F.      12  Oct  96.     Portrait.     274,  275,  V  1 1  No  3  Mar  97. 

Osborn,  Weaver.      3  Feb  94.      195,  V  8  No  4  June  94. 

Parks,  Charles  F.      21  Apr  03.      303,  V  17  No  3  Sept  03. 

Pengilly,  Lewis  H.      22  Sept  88.      99,  V  3  No  2  Dec  88. 

Reed,  Wilmer.     Nov  96.      276,  V  1 1  No  3  Mar  97. 

Rogers,  Henry  W.      15  Apr  01.      365,  V  15  No  4  June  01. 

Salisbury,  Arnold  H.      5  Jul}'  01.      456,  V  15  No  5  Sept  01. 

Seymour,  Charles  W.  S.      16  Oct  93.      108,  V  8  No  2  Dec  93. 

Sprague,  Phineas.      14  Sept  87.     35,  V  2  No  2  Dec  87. 

Stanwood,  James  Hugh.      25  Mar  96.      275,  V  11  No  3  Mar  97. 

Stoddard,  Samuel  G.,  Jr.      21  Aug  01.      457,  V  15  No  5  Sept  01. 

Taylor,  William.  D.      2  Jan  94.      195,  V  8  No  4  June  94. 

Tidd,  Marshall  M.     20  Aug  95.     76,  V  10  No  i  Sept  95. 

Upton,  Albert  F.      8  June  88.      99,  V  3  No  2  Dec  88. 

Weld,  F.  Floyd.     28  June  90.     V  6  No  i  Sept  91. 

Whidden,  Hosea  F.     31  Jan  88.     36,  V  3  No  2  Mar  88. 

Winship,  Horace  B.     8  Nov  99.      193,  V  14  No  2  Dec  99;  200,  V  15 
No  2  Dec  00. 

Yates,  Richard  R.      10  Sept  96.     72,  V  12  No  i  Sept  99. 
Officers:  election. 

1883-4.  24,  25, trans  83.  1884-5.  22-27,  trans  84. 

1885-6.  69,  70,  trans  85.  1886-7.  34-  V  i  No  i  Sept  86 

1887-8.  44,  45,  V  2  No  I  Sept  87.    1888-9.  16,  17,  V  3  No  I  Sept  88. 

1889-90.  14,  V  4  No  I  Sept  89.       1890-91.   14,  15,  V  5  No  I  Sept  90. 

1891-2.  10,  V  6  No  I  Sept  91.  1892-3.  II,  V  7  No  .1  Sept  92. 

1893-4.   II,  12.  V  8  No  I  vSept  93.    1894-5.  16,  V  9  No  I  Sept  94. 

1895-6.  16,  17,  V  10  No  I  Sept  95.    1896-7.  114,  115, Vii  No  i  Sept  96 

1897-8.  67,  V  12  No  I  Sept  97.         1898-9.  76,  V  13  No  i  Sept  98. 

1899-1900.    188,  189,  V  14  No  2  Dec  99. 

1901.  295,  296,  V  15  No  3  Mar  01.    1902.  79,  80,  V  16  No  i  Mar  02. 

1903.    119,  V  17  No  I  Mar  03. 

List  of  officers,  1902.      6,  V  16  No  i  Mar  02 
Presentation  of  gavel  b}^  Amer  W  W  A,  12  Jtme  99.      6,  V  4  No  i  Sept 

99. 
Portraits. 

Coggeshall,  Robert  C.  P.      282,  V  16  No  4  Dee  02. 

Ellis,  George  A.      280,  V  16  No  4  Dec  02. 

Hall,  Frank  E.     278,  V  16  No  4  Dec  02. 

Lyon,  James  W.     256,  V  16  No  4  Dec  02. 

Merrill,  Frank  E.      100,  V  17  No  i  Mar  03.- 

Noyes,  Albert  F.     274,  275,  V  11  No  3  Mar  97. 

Rogers,  Henry  W.      284,  V  16  No  4  Dec  02. 
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Front.     V  17  No  I  Mar  03. 


Walker,  Charles  K 
Presidents. 

Past  presidents,  after  298,  V 
Past  presidents   188 2-1 88 7, 
Past  presidents  1882-1889. 
Secretary:  salary.  11,     V  i  No 
Secretary's  annual  reports. 
882.  21,  22,  trans  83. 
885.  23,  trans  85. 
887.  5,  V  2  No  I  Sept  87. 
889.  5,  6,  V  4  No  I  Sept  89. 
891.  6,  7,  V  6  No  I  Sept  91. 
893.  5,  6,  V  8  No  I  Sept  93. 
895.  10,  II,  V  10  No  I  Sept  95. 
897.  63,  64,  V  12  No  I  Sept  97. 
899.  187,  V  14  No  2  Dec  99. 
901.  72-74,  V  16  No  I  Mar  02. 
R.  C.  P.      Resignation 


[5  No  3  Mar  01 ;  6,  V  16  No  i  Mar  02. 
portraits.     See  Portraits. 
194,  V  14  No  2  Dec  99. 

I  Sept  86,  disc  45-48,  V  2  No  i  Sept  87. 


1884.  19,  20,  trans  84. 
18S6.  II,  V  1  No  I  Sept  86. 
1888.  5,  V  3  No  I  Sept  88. 
1890.  4,  5,  V  5  No  I  Sept  90. 
1892.  6,  V  7  No  I  Sept  92. 
i8q4.  8-10,  V  9  No  I  Sept  94. 
1896.  109,  no,  V  II  No  I  Sept  96. 
1898.  65,  66,  V  13  No  I  Sept  98. 
1900.  291,  292,  V  15  No  3  Mar  01. 
1902.  J08-1 10,  V  17  No  I  Mar  03. 
9    Jan  95.     141-144,  V  9    No   3 


Coggeshall , 
Mar  95. 
Table  of  presidents,   membership,   annual  conventions,  financial  con- 
dition.     102,  V  17  No  I  Mar  03. 
Tests  of  articles  of  commerce.        27,  28,  V  i  No  4  June  87;  109-111, 

disc  11T-116,  V  10  No  2  Dec  95.     See  Herschel,  Clemens. 
Water-works  statistics. 

1886.  28-31,  V  I  No  4  June  87. 
1888-92.    225    and  tables,    V   7 

No  4  June  93. 
1894.  131-138,  V  10  No  2  Dec  95. 
1896.  281-288,  V  12  No  4  June  98. 
I898.-76-85,  V  15  No  i  Sept  00. 
1900.  367-389,  V  15  No  5  Sept  01. 
.     1902.  235-257,  V  17,  No  3  Sept  03. 
New  Haven  Water  Works,  Conn.    Dam  at  Woodbridge. 

Diags.      51-55,  disc  55,  56,  V  6  No  i  Sept  91. 
New  London  Water  Works,  Conn. 

RiCH.\RDS,  AV.  H.      High-service  system.      148-151,  V 

Nine  hundred  feet,  24-inch  cypress  stave  pipe:  described. 
No  4  June  99. 
New  Orleans  water  purification. 

Weston,  R.  S.      Turbidity  determinations.    27-31,  V  17  No  1  Mar  03 
Water  'supply.     The  water  supply  and  its  im])rovcmcnt.      157-171, 
disc  I  71-173,  V  17  No  3  June  03. 
Newark  Water  Works,  N  J.      E  Jersey  Water  Co.    Herschel,  Clemens, 

and  others.     18-39,  V  8  No  i  Sept  93. 
Newport  Water  Works,  N H, Construction.     T.wlor,  L.  A.    145-149,  disc 
149-152,  V   12  No  3  Mar  98. 


887.    28-31,  V  2    No    4   June   88 
.  (comp  by  Willard  Kent) . 
1893.   127-134,  V  9  No  2  Dec  94. 
1895.  273-280,  V  12  No  4  June  98. 
[897.  66-75,  V  15  No  I  Sept  00. 
1899.  86-95,  V  15  No  I  Sept  00. 
1 90 1.  225-243,  V  16  No  3  Sept  02. 

Taylor,  L.  A. 


7  No  3  Mar  93. 
287.  V  13 
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Newton  Water  Works,  Mass. 

Coffin,  F.  C.     Covered  reservoir;  description.    254,  V  14  No  3  Mar  01. 
Hyde,  H.  N.      City  street  main  flushing.      80,  81,  trans  85. 
Nichols,   Prof  William  Ripley.      Died,  14  July  86.     Obituary  27,  28,  V  i 

No  2  Dec  86. 
Nicol  prism  in  turbidimeter,  described.     Anthony,  C,  Jr.    258,  259, -disc 

261,  262,  V  16  No  4  Dec  02. 
Night  work.     Gardner,  E.  P.     Wells  light  for.   168-170,  V  7  No  3  Mar  93. 
Niles,  Prof  W.  H. 

Causes  of  rainfall.      345-348,  V  15  No  4  June  01. 

Secular  and  local  variations  of  weather  and  climate  as  affecting  water 
supply.      74.  75.  disc  75-78,  V  5  No  2  Dec  90. 
Norfolk,  Va,  filters.     Weston,  E.  B.     111.     346,  347,  V  1.4  No  4  June  00. 
Norias:  water  elevators,  described.     35,  V  i  No  i  Sept  86. 
Northrop,  Frank  L.      Filter  at  Milford  Water  Works,  Mass.      262-264,  V 

10  No  4  June  96. 
Novel  way  of  placing  a  bridge  in  position.     Allen,  C.  A.      197,  198,  V  3 

No  4  Jtmc  89. 
Noyes,   Albert   F.      Pres   N  E  W  W  A.      Portrait   274,    275,   V  11  No  3 
Mar  97. 
Address  to  N  E  W  W  A,   10  June    91,    Hartford,    Conn.      5,    6,    V   6 

No  I  Sept  91. 
Consumption  of  water;  collected  statistics.      123,  124,  V  9  No  2  Dec  94. 
Covered  reservoirs.      124,  V  8  No  3  Mar  94. 
Disc  meters.      103,  104,  V  10  No  2  Dec  95. 
Driven  wells.     80,  81,  V  i  No  i  Sept  86. 

Driven  wells  as  a  source  of  water  supply.      19-26,  V  i  No  4  June  87. 
Excavating  in  quicksand;  experience.      218,   219,  disc   219,   220,   V  4 

No  4  June  90. 
Iron  used  in  pipe  making.      55,  57-59,  V  11  No  i  Sept  96. 
Licensing  plumbers :  disc.      27,  V  i  No  i  Sept  86. 
Mass  Met  water  supplies.      Diags.      117-129,  V  10  No  2  Dec  95. 
Pipes  for  driven  wells.      142,  143,  V  5  No  3  Dec  91.  . 

Public  and  private  water  works.      24,  V  4  No  i  Sept  89. 
Ratio  of  pumping  capacity    to    maximum    consumption;     disc.      112, 

113,  V  3  No  3  Mar  89. 
Reservoir  embankment  construction.      138-140,  V  8  No  3  Mar  94. 
Specifications  for  water  works.      174-176,  V  6  No  4  Jime  92. 
Tanks  for  kitchen  boilers  and  water  closets.      62-64,  trans  85. 
Water  hammer.      72-81,  V  i  No  i  Sept  86. 
Water  supply  sources.      1*29,  130,  V  6  No  3  Mar  92. 
Weights  of  cast-iron  pipe.      Diags.      154-159,  disc  28-51,  trans  85. 
Died  12  Oct  96.      Obituary  275,  276,  V  11  No  3  Mar  97. 
Nozzles. 

As  water  meters.      100-105,  ^  4  No  3  Mar  89. 
Freeman,  J.  R.     Forfirehose.     51-54,  V  7  No  i  Sept  92. 

Various  kinds.      Diags  and  tables.      1 20-161,  V  4  No  3  Mar  go. 
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Gerhard,  W.  P.      For  fire  protection  and  sprinklers  for  theater    fire 
service.     84-89,  V  9  No  2  Dec  94. 
Nuebling,  Emil  L.,  and  others.     Discussion  of  report  of  N  E  W  W  A,  Com 

on  cast-iron  pipe.      99-138,  V  16  No  2  June  02. 
Nye,  Joseph  K.      Fairhaven  Water  Works.      175-180,  disc   180-182,  V  8 
No  4  June  94. 

Oak  Ridge  gate  house,  E  Jersey  Water  Co.     Herschei,,  Clemens.    Diag. 

24-40,  V  8  No  I  Sept  93. 
Obituary    N  E  W  W  A.      See  N  E  W  W  A,  Obituary. 
O'Brien,  Mayor  Hugh,  Boston. 

Address  to  N  E  W  W  A,  21  Ap  85.      172,  trans  85. 
Remarks  at  dinner  of  Amcr  W  W  A  and  N  E  W  W    A,    21    Ap   85. 
199-201,  trans  85. 
Odor  and  color  of  surface  water. 

Drown,  Prof  T.  M.  (Chemical  aspect.)  3-15,  disc  i5-29,V2  No  3  Mar  88. 
Forbes,  F.  F.     And  taste  imparted  to  water  by  alg^e  and  infusoria. 
90-96,  disc  96,  97,  V  6  No  2  Dec  91. 
By  chara  fragilis.      252-254,  V  10,  No  4  June  96. 
Sedgwick,   Prof  W.   T.       And  taste  in  water  supplies    (unpleasant). 
54-64,  V  14  No  I  Sept  99. 
Officers  of  N  E  W  W  A.     See  N  E  W  W  A,  Officers. 
Offsets. 

Brackett,  Dexter.      Diags  and  diinensions.    Plate  IX,  78,  V  8  No  2 

Dec  93. 
N  E  W  W  A,  Com  on  cast-iron  pipe.-    Table.      94,  V  17  No  i  Mar  03. 
Oil,   gas,   and  gasoline  pumping  engines.     Coffin,    F.   C.     Diag.     206- 

217,  V  13  No  3  Mar  99. 
Olmsted,  Frederick  Law,  jr.     Landscape  problems  in  the  improvement 
of  Spot  pond  reservoir   (Met   Water  Works)    Middlesex   Fells.      Ills. 
272-287,  V  15  No  3  Mar  01. 
Oporto.     Sand    filters.     Sedgwick,  Prof  W.  T.     Description.      115,  V    7 

Xo   2   Dec  '92. 
Organisms. 
Algae. 

Forbes,   F.   F.     Chara  fragilis  in  reservoir.      252-254,   V   10   No  4 
June  96. 
Algae   growth   in   reservoirs   and   ponds.      196-204,    disc    204-210, 

V  4  No  4  June  90. 
Taste  and  odor  imparted  to  water  by  some  algae  and  infusoria. 
90-96,  disc  96,  97,  V  6  No  2  Dec  91.* 
Haskell,  J.  C.     Extermination  of  algae  by  kerosene  fire  on  pond 

bottom,  Lynn,  Mass.     64,  V  10  No  i  Sept  95. 
Hill,  W.  R.     Method  of  removing  organisms  from  water  in  distrib- 
iiting  reservoir  of  Syracuse,  N    Y.     111.    213-216,  disc    216-229, 
V  14  No  3  Mar  00. 
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Anabaena  in  water. 

Weston,  R.  S.,  and  others.     27,  V  13  No  i  Sept  98. 
Asterionella. 

Forbes,  F.  F.     Effect  on  water.     92,  93,  V  6  No  2  Dec  91. 

In  Brookline  and  Waltham  reservoirs.      25,  26,  V  11  No  i  Sept  96. 
Whipple,  G.  C,  and  Jackson,  D.  D.    Biology,  chemistry,  and  effect 
on  water  supplies.      1-23,  disc  23-25,  V  14  No  i  Sept  99. 
In  deep  and  shallow  ponds,  distribution  chart.      214,  V  9  No  3 
June  95. 
Chara  fragilis. 

Forbes,    F.    F.     x\ppearance   in   reservoir   of  public   water   supply. 
252-254,  V  10  No  4  June  96. 
Chlorophyce;e :  green  algfe  in  surface  water. 
Whipple,  G.  C.     212,  V  9  No  4  June  95. 
Cristatella  in  storage  reservoir,  Henderson,  N  C. 

Weston,  R.  S.     Mapanddiag.    20-26,  disc  27-29,  V  13  No  i  Sept  98. 
Diatoms. 

Whipple,  G.  C.     Relation  of  light  to  growth  of.      Diags  and  tables 

1-24,  disc  25,  26,  V  II  No  I  Sept  96. 
Whipple,  G.  C,  and  Jackson,  D.  D.    Asterionella,  effect  on  water 
supplies.      Diags.      1-23,  disc  23-25,  V  14,  No  i  Sept  99. 
Infusoria. 

Forbes,  F.  F.     ''"aste  and  odor  imparted  to  water  by.      90-96,  disc 

96,  97,  V  6  No  2  Dec  91. 
HoLLis,  F.  S.,  and  Parker,  H.   N.    Chlainydoinonas  in  Spot  pond 
(Met    Water   Works).      Diags.      26-2-9,    disc    30,31,    V  14    No    i 
Sept  99. 
Whipple,  G.  C.      In  surface  waters.      215,  216,  V  9  No  4  June  95. 
Raphidomonas  in  (Lynn)  water.      111.    348-357,  V  11  No  4  June  97. 
Raphidomonas    (Infusorian)  in  Lynn  water. 

Whipple,  G.  C.      Ills.      348-357,  V  11  No  4  June  97. 
Uroglena. 

GooDNOUGH,  X.   H.      Examination  of  public  water  supplijes.   70-78, 
disc  78-81,  V  14  No  I  Sept  99. 
Uvella,  the  worst  infvisorian  in  water. 

Forbes,  F.  F.     91,  92,  V  6  No  2  Dec  91. 

HoLLis,  F.  S,      Removed  from  water.      221-223,  disc  223-229,  V  14 

No  3  Mar  00. 
Sedgwick,    Prof  W.    T.     Causing  unpleasant   odors   and  tastes   in 

water  supplies.     54-64,  V  14  No  i  Sept  99. 
Whipple,  G.  C.     Growth  in  water  pipes.      Diags  and  tables.      1-17, 
disc  17-19.  V  12  No  I  Sept  97. 
Osborn,  Weaver.      Died  3  Feb  94.      Obituary  195,  V  8  No  4  June  94. 
Oxidation  of  water.     Babcock,  S.  E.     38-40,  V  3  No  i  Sept  98. 
Ozonization  of  water.     Soper.  Dr  G.  A.      i-ii,  disc   11-19,  V  15  No   i 
Sept  00. 
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Pacific   slope.     Allis.    S.    M.      Erosion,    and   its   efifects.      158-161,    V   3 

No  4  June  89. 
Packing  pipes  for  protection  from  freezing.     Gow,   F.  W.,  and  others. 

196-203,  V  12  No  3  Mar  98. 
Packing  for  water  gates.     Disc  92-94,  trans  85.     71,  V  i  No  i  Sept  86. 
Paper  mill  wastes  polluting  streams.     Clark,  H.  W.     500-510,  disc  510- 

513,  V  15  No  6  Dec  o  i . 
Paris  covered  reservoirs.     Savan,  C.  H.     51-53,  V  3  No  i  Sept  88. 
Parker,  F.  H. 

Corrosion  of  pipes.      41,  trans  85. 

High-service  motor,   Burlington,  Vt.      Diag.      63-66,  disc  66-68,   V  2 

No  I  Sept  87. 
Setting  hydrants,  St.  Paul,  Minn.      11,  12,  V  4  No  i  Sept  89. 
Water  tanks:  disc.      28,  V  2  No  i  Sept  87. 
Parker,  Horatio  N.  (with  F,  S.  Hollis) . 

Chlaniydomonas  in    Spot   pond   (Met  Water  Works).     Diags.      26-29, 

disc  30,  31,  V  14  No  I  Sept  99. 
Examination  of  public  water  supplies.      80,  81,  V  14  No  i  Sept  99. 
Removing  organisms  from  water:  disc.       222-228,  V  14  No  3  Mar  00. 
Parks,  Charles  F.     Died  21  April  03.     Obituary  303,  V  17  No  3  Sept  03. 
Pawtucket  Water  Works,  R.  I. 

Dean,  F.  W.      Pumping  engine.      Til.      91,  92,  V  8  No  2  Dec  93. 
Rogers,  H.  W.      Filter  cleaning,  20  Nov  83.      55-57.  trans  84. 
Payment  for  fire  protection.     Foster,  Joel.      270-272,  V  12  No  4  June  98. 
Pengilly,  Lewis  H.     Died  22  Sept  88.     Obituary  99,  V  3  No  2  Dec  88. 
Pennichuck  Water  Works,  Nashua,  N  H. 

Holden,  H.  G.      Service  box.      111.      310,  V  15  No  4  June  01. 
The  water  supply  of  Nashua,  N  H.      249-255,  V  16  No  4  Dec  02. 
Penstocks  (Iron  and  steel).     Hale,  R.    A.     Tubercles  in.     Diag.     244- 

251,  V  10  No  4  Dec  96. 
Peoria  Water  Co.      Knudson,  A.  A.      Pipes  showing  electrolytic  pitting. 

250,  V  15  No  3  Mar  01. 
Perry,  Fred  G.     Recording  pressure  gages,  use  and  advantage.     255-257, 

disc  257-261,  V  10  No  4  June  96. 
Philbrick,  F.  J.     Address  to  NEW  W  A,  seventeenth  annual  meeting, 

Portsmouth,  N  H.     58,  59,  V  13  No  i  Sept  98. 
Phillips,  Mayor  H.  M.     Address  to  N  E  W  W  A,   18    Jtme  85.      12,    13, 

trans  85. 
Physical  properties  of  water.     Hazen,  Allen.     21-27,  disc  27-31,  V  17 

No    I    Mar  03. 
Piezometers. 

Freeman,  J.  R.     98,  99,  V  4  No  3  Mar  90. 
French,  E.  V.     Diags.      78.  V  12  No  2  Dec  97. 
Kimball,  F.  C.      310,'Y  17  No  4  Dec  03. 
Pipe  cleaning.     Brackett,  Dexter.     Scrapers  for  pipe  cleaning.     4,  V  r 
No  3  Mar  87. 
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Pipe    laying.     5^'    Laying    of    rnpe. 

Pipe  system  of  Maiden,  Mass.     Allis,  S.  M.      164,  165,  V  5  No  4  June  91. 

Pipe  trenches. 

CoGGESHALL.  R.  C.  P.      Portable  platform  to  aid  in  excavating.      125, 

126,  V  9  No  2  Dec  94. 
Fuller,   F.   L.      Back  filling,  ramming  and  tamping.      1 71-173,   V  6 

No  4  June  92. 
GowiNG,  E.  H.      Back  filling.    173-177,  disc  177-188,  V  12  No  3  Mar  98. 
Hammatt,  E.  a.  W.      Back  filling.      160-165.  disc  166-172,  V  12  No  3 

Mar  98. 
McClintock,  W.  E.      Water  pipe  trenches  v  good  roads.      71-77,  V  8 

No  2  Dec  93. 
Richards,  W.  H.      Backfilling.      50,  trans  84. 
Pipe  under  Lake  Champlain.     Crandall,  F.  H.     259,  260,  V  12  No  4 

Jimc  98. 
Pipes. 

Allis,  S.  M.,  and  others.      Size  of  main  pipes:  disc.      18-25,  ^  5  No  i 

Sept    90. 
Brackett,  Dexter. 

Minimum  size  allowable  for  mains.      18-20,  V  6  No  i  Sept  91. 

Raising  or  lowering  of  large  pipes.      19S,  199,  V  3  No  4  June  89. 

Scrapers  for  pipe  cleaning.     4,  V  i  No  3  Mar  87. 

Size  of  Y  branches:  casting  and  coating.      Diag.      Plate  VIII.      78, 
V  8  No  2  Dec  93- 
Chace,  G.  F.     Sixteen-inch  direct  river  pipe  and  its  effect  on  Taunton 

water  supply.      17 9- 181,  V  6  No  4  June  92. 
Crafts,  N.  H.  Cast-iron  pipes:  abstract  from  Watertown  Water  Works 

report,  with  tables.      175-196,  V  3  No  4  June  89. 
Darling,   Edwin.      Necessity   for  large   size   pipes.      180,    V   4   No   4 

June  90. 
Forbes,  F.  F.     Galvanized  pipes  in  driven  wells.      143,  144,  V  5  No  3 

Mar  91. 
Freeman,  J.   R.     Arrangement  and  size  for  fire  protection.      49-77, 

disc  77-81,  V  7  No  I  Sept  92;  152-164.  V  7  No  3  Mar  93. 
Hancock,  J.   C.      Sizes  and  material:   disc  in  relation  to   Springfield 

main.      150-153,  V  3  No  4  June  89. 
Hill,  W.  R.      Fifty-four  inch    steel    submerged   in  Skaneateles   lake, 

Syracuse,  N.  Y.     Diags.     40-45,  V  8  No  i  Sept  93. 
Jones,  E.  R.     Protection  from  frost.      125-127,  V  3  No  3  Mar  89. 
N  E  W  W  A,  standard  specifications  for  size  and  weight.      Diags  and 

tables.     335-366,  disc  367-383,  V  16  No  4  Dec  02  and  84-96,  V  17 

No  I  Mar  03. 
NoYES,    A.    F.      Sizes    and    weights.      Diags.      154-159,    disc     28-51, 

trans   85. 
Saville,    C.    M.      Pipes    and    pipe    laying.      203-226,    disc    226-230, 

V  17  No  2  June  03. 
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Stacy,  G.  A.      Experiment  and  failure:  separation  from  hydrant.      24- 

26,  V  7  No  I  Sept  92. 
Water  log  section  from  Boston  aqtieduct,  1836.      111.      71,  V  13  No  i 

Sept   98. 
Wells,  G.  L.     Improved  Wyckoff  water  pipe.     Ills.     288-303,  V  13 
No  4  June  99. 
Pipes. 

Cast  iron.     See  Cast-iron  pipes. 
Castings.     See  Casting  and  coating  of  pipes. 
Cement  lined.     See  Cement-lined  pipes. 
Coating.     See  Coating  of  pipes. 
Compound.     See  Compotind  pipes. 
Corrosion.     See  Corrosion  of  pipes. 
Electrolysis.     See   Electrolysis  of  pipes. 
Fire  protection.     See  Fire  protection. 
Fish  in.     See  Fish  in  pipes, 
Flanges.     See  Flanges  for  pipes. 
Joints.     See  Joints  of  pipes. 
Laying.     See  Laying  of  pipes. 
Leakage  from.     See  Leakage  from  pipes. 
Organisms  in.     See  Organisms. 
Removal  of.     See  Removal  of  pipes. 
Service.     See  Service  pipes. 
Stave.     See  Stave  pipes. 
vSteel.     See  Steel  pipes. 
Piston  meters  liable  to  over-register.     Haskell,  J.  C.     Disc  97-99,  V  10 

No  2  Dec  95. 
Pitcher,  F.  H.      Pumping  by  electricity.      Plans  and  ills.      349-373,  V  17 

No  4  Dec  03. 
Pits  in  block  tin  service  pipes.     Whitney,  J.  C.     88,  V  6  No  2  Dec  91. 
Pits   in   pipes,  Peoria  Water   Co.     Knudson,    A.    A.       250,  V    15    No   3 

^lar    01. 
Pittsburg,     Pa.      Knowles,     Morris.      Experimental     filter     i)lant     and 

r&sults.      148-184,  disc  1S5-188,  V  15  No  2  Dec  00. 
Plankton  method  for  study  of  micro-organisms.     Sedgwick,  Prof  W.  T. 

57-64,  V  14  No  I  Sept  99. 
Platform  (portable)  to  aid  in  excavating  trenches.     Coggesiiall,  R.C.  P. 

125,  I  26.  V  9  No  2  Dec  94. 
Platinum  standard  for  determining  color  of  water.      105-111,  disc  112,  113, 

V  13  No  2  Dec  98. 
Plugs. 

Brackett,  Dexter.      Diag  and  dimensions.      Plate  X.      78,  V  8  No  2 

Dec  93. 
N  E  W  W  A.  Com.     Yable.      93,  V  7  No  i  Mar  03. 
Stacy,  G.  A.      Plugs  for  hydrants,      i  r,  V  4  No  i  Sept  89. 
Walker,  C.  K.      Experience  talk.      220.  V  7  No  4  June  93. 
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Plumbers  and  licenses.     Howland,  A.  H.,  and  others.     Disc  26-28,  V  i 

Xo   I  vSept  86. 
Plunger  pump  1675  described.     37,  V  i  No  i  Sept  86. 
Poisoning  by  water  drawn  through  lead  service  pipes.     Forbes,   F.   F. 

58-60,  disc  60-62,  V  15  No  I  Sept  00. 
Pollution  of  rivers. 

Clark,     H.    W.      Pollution    of    streams     by     manufactural     wastes. 

500-510,  disc  510-513,  V  15  No  6  Dec  01. 
MiDDLETox,  R.  E.      1 19-129,  disc  129-137,  V  13  No  2  Dec  98. 
Poncelet's  and  Kutter's  formulae.     Trautwine,  J.  C,  Jr.     Letter.      18, 

19,  V  I  No  2  Dec  86. 
Ponds,  Great:  relation  to  water  supplies. 
Jackson,  J.  F.     203-208,  V  4  No  3  June  89. 
Stetson,  T.  M.     Mass  water  laws.      1-18,  V  i  No  4  June  87. 
Poppet    valves   and    frozen    hydrants.     Tidd,   M.   M.      14-16,  V   i    No  2 

Sept  87. 
Porter,  Prof  Dwight. 

Hydraulic  laboratory  of  Mass  Inst  of  Technology.      Ills.      81-84,  V  8 

No  2  Dec  93. 
Velocity  curves.      Diags.      191-194,  V  8  No  4  Jvine  94.     See  Hastings, 

L.  M. 
Porter,  H.   F.  J.      Steel  forgings  for  pumping  engines.      Ills  and  diags. 

120-144.  V  12  No  2  Dec  97. 
Portland  reservoir.   Me.     Freeman,  J.    R.     Bursting  of.     Diags.      148- 

152,  disc  152-154,  V  8  No  3  Mar  94. 
Portraits  of  past  presidents  N  E  W  W  A.  1882- 1887.     276-284,  V  16  No  4 

Dec  02. 
See  also  N  E  W  W  A,  Portraits. 
Portsmouth  Water  Works,  N  H.     Ayres,  J.  O.     67-69,  disc  69,  90,   V  13 

No  I  Sept  98. 
Poughkeepsie  Water  Works,  N  Y.     Fowler,  C.  E.     Operation  of  a  slow 

sand  filter.      Diags  and  tables.      209-227,  disc  227-244,  V   12  No  4 

Jxme  98. 
Power. 

Dwight    Printing  Co,  Ashland.      Development   of  power  before    and 

after  diversion  of  Whitehall  pond.      198-200,  V  7  No  4  June  93. 
HoLLis,  I.  N.      Economy  in  the  tise  of  coal  for  the  production  of  power. 

32-40,  disc  40-43,  V  17  No  I  Mar  03. 
Practical  management  of  water  works.     Darling,   Edwin.     7-1  i,  disc 

11-18,  V  2  No  I  Sept  87. 
Precision  in  everyday  life.     Sherman,  W.  B.     52-56,  disc  56,  57,   V    17 

No  I  Mar  03. 
Present  pumping  engine  practice.     Reynolds,  I.  H.      172-200,  disc  200- 

205,  V  13  No  3  Mar  99. 
Presidents  of  N  E  W  W  A.     S^f  N  E  W  W  A,  Presidents. 
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Pressure  gages. 

Perry,  F.  G.      Recording.      255-257,  disc  257-261,  V  10  No  4  June  96. 
WiNSLOw,  G.  E.     Air  in.      248,  V  9  No  4  June  95. 
Pressure. 

Frenxh,  E.  V.     Loss  caused  by  meters  in  factory  fire  supplies.     Tests. 

Diags.     74-94,  disc  95-102,  V  12  No  2  Dec  97. 
GowiNG,  E.  H.      Reduced  on  a  gravity  system.      139-142,  disc   142- 
145,  V  17  No  2  Jtine  03. 
Pressure  regulations,     E  Jersey  Water  Co,  Newark,  N  J.     27,  V  8  No   i 

Sept  93. 
Prince,  Mr.      Iron  used  in  pipe  making.      56-62,  V  11  No  i  Sept  96. 
Private  fire  protection. 

N  E  W  W  A,    Com  on  apportionment  of  charges.      Report.      290-329, 

V  16  No  4  Dec  02;  201,  202,  V  17  No  2  June  03. 

CoGGESHALL,   R.   C.   P.      Private  fire  supplies  and  insurance  require- 
ments: disc.      193-197,  V  9  No  4  Ji:ne  95. 
Hammond,  J.  C,  and  others.      Private  fire  supply  charges.      406-440, 

V  15  No  5  Sept  01. 

Private  hydrants,  sprinklers,  etc.     Snell,  G.  H.     64,  65,  71,  V  17  No  i 

Mar  03. 
Proper  size  for  hydrants.     Winslow,  G.  E.,  and  others.     94,  95,  V     2 

No  I  Sc])t  87. 
Protection. 

Jones,  E.  R.     Of  pipes  from  frost.      125-127,  V  3  No  3  Mar  89. 
Mills,  H.  F.     Of  inland  waters,  Mass.     6-10,  V  i  No  3  Mar  87. 
Sedgwick,  Prof  W.  T.     Of  surface-water  from  pollution.      245-255, 

disc  255-265,  V  II  No  3  Mar  97. 
Stacy,  G.  A.     Of  pipes  from  frost.      201-203,  V  12  .No  3  Mar  98. 
.  Providence  bell :  depth  of .     94,  trans  85.     Diags  and  size.      12,  V  3   N   i 
Sept  88. 
Providence  R  I. 

.    FitzGerald,    Desmond.     Rainfall,    1832-1886.     31,    32,    V    2    No    2 
Dec  87. 
Knudson,  a.  a.      Electrolytic  action  on  pipes.      111.      248,  V  15   No   3 

Mar  01. 
Regulations  for  use  of  private  fire  supplies.      436-438,  V  15  No  5  Sept 

01. 
Weston,   E.   B.      High  pressure  fire  service  sj^stem,      Diags.     85-90, 
disc  91-93,  V  13  No  2  Dec  98. 
Street  main  flushing.     87,  88,  trans  85. 
Provincetown,    Mass,    water    supply.     Hawes,    L.    E.     Maj).     285-290, 

disc  291-293,  V  II  No  4  June  97. 
Public  and  private  water  works.     Hall,  P.  E.,  and  others.     Which  are 

bestr'      Disc.      i7-i4.  V  4  No  i  Sept  89. 
Public  use  of  large  streams.     Crandall,   F.   II.     344-347,  V   11    No  4 
June    97. 
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Public     water     supplies.      Goodnough,     X.    H.      Results    of    systematic 

examination.     65-7S,  disc  78-81,  V  14  No  i  Sept  99. 
Pump  logs,  Portsmouth,  N  H.     Ayres,  J.  O.     67-69,  disc  70,  71,    V  13 

No  I  Sept  98. 
Pumping  capacity.     Sherman,  W.  B.     Safe  ratio  to  ma.ximtim  consu:np- 

tion.      90-98,  V  3  No  2  Dec  88;  disc  104-119,  V  3  No  3  Mar  89. 
Pumping  by  direct  high  pressure  for  fire  protection.     Ellis,  G.  A.     27- 

31,  V  7  No  I  Sept  92. 
Pumping  by  electricity.     Pitcher,  F.  H.     349-373,  V  17  No  4  Dec  03. 
Pumping  engines. 

B.\RRUs,  G.  H.      Possibilities  of  economy  in,  as  Vjased  on  latest  accom- 
plishments.     163-170,  disc  170,  171,  V  13  No  3  Mar  99. 
Betton,   J.   M.     Comparison  ■  of  compound  and  triple  expansion  for 

small  water  works.      Diags  and  ills.      2  18-22S,  V  13  No  3  Mar  99. 
CoDD,  W.  F.     Nantticket  pumping  engines.      Ills.      174-176,  V  t6  No  3 

Sept   02. 
Coffin,  F.  C.      Gas,  gasoline,  and  oil  engines.      Diag.      206-217,  V  13 

No  3  ilar  99. 
Dean.  F.  W.      Recent  practice  in.      Ills.      85-104,  V  8  No  2  Dec  93. 

St.    Louis    Water    Works,    Mo,    specifications  for.      172-194,    V    11 
No  2   Dec  96. 
Dean  and  Main.     Waltham  Water  Works,    Mass,    test    of    pumping 

engine.      171-173,  V  14  No  2  Dec  99. 
Forbes,  F.  F.     Improvements  in.      157-162,  V  13  No  3  Mar  99. 
Goss,  Prof  W.  F.  M.     Snow  pumping  engine  test,  Indianapolis   Water 

Works,  Ind.     49,  50.  V  13  No  i  Sept  98. 
Haskell,  J.  C.      Pumping  engine  foundation  at  Lynn,  Mass.      163,  164, 

V  5  No  4  June  91. 
Leavitt,    E.    D.      High   grade.      Diags.      163-183,   disc    184-186,   V   9 

No  3  Mar  95. 
Loretz,  a.  J.      226—233,  disc  234—244,  V  11  No  3  Mar  97. 
Porter,    H.    F.    J.     Steel   forgings   for   pumping   engines.     Ills     and 

diags.      120-144,  V  12  No  2  Dec  97. 
Reynolds,  I.  H.      Edward  P.  AUis  Co  present  practice  compared  with 

that  of  twenty-five  years  ago.      Diags  and  ills.      172-200,  disc  200- 

205,  V  13  No  3  Mar  99. 
Sando,    W.    J.     Thirty-million    gallon    engine    trial     (Chestnut     Hill 

high   service    station    Met    Water    Works).       232-243,    V    15    No    3 

Mar   01. 
Sherman,  W.   B.      Duties  and  consumption  of  fuel.      Diags.      23,  24, 

trans  83. 
Smith,  J.  E.      High  and  low  duty:  comparison  (Andover,  Mass).      163- 

166,  disc  166-170,  V  14  No  2  Dec  99. 
WiNSLOw,   G.    E.      Direct   acting:  experience   in  reducing  water  ram 

(Waltham).     493-498,  disc  498,  499,  V  15  No  6  Dec  01. 
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Pumping  machinery. 

Coffin.  F.  C.     Application  of  gas,  gasoline,  and  oil  engines.     206-217, 

V  13  No  3  Mar  99. 

Fanning.  J.  T.     Hydraulic  types.     Ills.     34-41.  V  i  No  i  Sept  86. 
Sando,  W.    J.     Met  Water  Works.     Ills  and  diags.     299-304,  V    15 

No  4  June  o  i . 
Swain,  Prof  G.  F.     Methods  of  comparing  cost  of  structures.     32-34, 

V  2  No  3  Mar  88. 

WoRTHiNGTON,  C.   C.      Latest   designs  in  Worthington  pumping  ma- 
chinery compared  with  those  of  twenty  years  ago.     229-241,  V  13 
No  3  Mar  99. 
Pumping  mains,  Friction  in  several.     Coffin,  F.  C.     Diags  and  tables. 

234-243,  V  10  No  4  June  96. 
Pumping  plant,  Electrical. 

Hague,  C.  A.      184-195,  disc  195-202,  V  10  No  3  Mar  96. 
Tower,    D.    N.     In    a    tube  well  (Cohasset,   Mass).      189-193,    disc 
193,  194,  V  12  No  3  Mar  98. 
Pumping  stations. 

Buffalo   Water  Works,   N  Y,    and   engine  room.     Knapp,  L.  H.     111. 

206,  V  14  No  3  Mar  00. 
Burlington    Water  Works,    Vt.     Crandall,     F.   H.   111.       153,  V   10 

No  3  Mar  96. 
Manchester,  N  H.     Walker,  C.  K.     Ills.     65,  V  10  No  i  Sept  95. 
Marlboro  Water   Works,   Mass.     Stacy,   G.   A.     111.      143-146,   V    16 

No  2  June  02. 
Nashua,  NH.     Holden,  H.  G.     111.     250,  V  16  No  4  Dec  02. 
Pumping   stations,   Small.     How  to  obtain    the    best   restilts.      Natick, 

Mass.     GiBBS,  W.  F.     Diags.      167-173,  V  16  No  3  Sept  02. 
Pumping  system.  Direct,  Taunton.     Chace,   G.    F.     67-75,  disc  76-80, 

V  6  No  2  Dec  91. 

Pumps.     Locke,   A.   W.     Notes  in   Holland  on  canals,   pumps,   dykes, 

windmills,  etc.     44-49,  V  5  No  i  Sept  90. 
Pump,    Chemical.      Weston,    E.    B.       Ills.       341-344,  V   14  No  4  June 

OQ.  ■ 

Purification   of  sewage  by  bacterial  methods.     Kinnicutt,    Prof  L.    P. 

Diags.      119-141,  disc  142-147,  V  15  No  2  Dec  00. 
Purification  of  water. 

Methods:  disc.      30,  31,  V  2  No  3  Mar  88. 

Clark,  H.  W.     Removal  of  color,  etc.  from  water.       1-8,  V  17  No  i 

Mar  03. 
Drown,  Prof  T.  M.     By  freezing.     46-52,  V  8  No  i  Sept  93. 

Electrical.      183-186,  disc  186-188,  V  8  No  4  June  94. 
Haskell,  J.  C.     Of  surface  water  by  natural  forces.      137-144,  disc 

144-155,  V  II  No  2  Dec  96. 
Hill,  W.  R.     Of  Syracuse  reservoir,  N  Y.      213-216,  disc  216-229, 

V  14  No  3  Mar  00. 
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Mollis,   F.   S.      Removing  organisms.      221-223,   disc   223-229,   V   14 

No  3  Mar  00. 
Sedgwick,    Prof    W.    T.     B3-    sand    filtration.     Diags.      103-130    (9 

plates,    Berlin-Stralau,    Hamburg    &    Altona    Water    Works)    after 

130,  V  7  No  2  Dec  92. 
SoPER.DrG.  A.      By  ozonization.      i-ii,  disc  1 1-19,  V  15  No  i  Sept  00. 
SwARTS,  Dr  G.  T,     Man's  imitation  of  nature  in.      1-14,  disc   15-19, 

V  13  No  I  Sept  98. 

Puritan    (S    S)    walking  beam.     Hawes,    W.   M.       163,  164.   V  3   No  4 

June  89. 
Purity  of  inland  water  (Mass  act  to  protect).      Mills,  H.  F.     6-10,  V  i 

No  3   Mar  87. 

Quality  of  water  supply. 

Chace,    G.    F.       Care   of   mains   in   relation  to.       i3i-i34,V   5    No   3 

Mar  91. 
Stearns,  F.  P.     Effect  of  storage  on.      115-125,  V  5  No  3  Mar  91. 
Quicksand.     Noyes,  A.   F.     Experience  in  excavating.     218,   219,  disc 

219,  220,  V  4  No  4  June  90. 
Quincy  Water  Works,  Mass.     Taylor,  L.  A.     Dam.     Diags.      167-173, 

disc  173.  174,  V  4  No  3  June  89. 
Quinnipiac,  New  Haven.      Ball,  Phixehas.       Laying  pipe  across  Chic- 
opee  and  Quinnipiac.      136,  V  5  No  3  Mar  91. 

Rainfall. 

Chace,  G.  F.     Rainfall  of  1890,  189 1.      138,  V  6  No  3  Mar  92. 

Davis,  Prof  W.  M.     Causes  of.     338-345,  disc  by  Prof  W.  H.  Niles, 

345-350.  V  15  No  4  June  or. 
FitzGerald,   D.     Amount   available   for  water  supply.      41-48,   disc 

48-54,  V  I  No  I  Sept  86. 

In  Boston.      29,  30.      Providence,  R.  I.      31,  32,  V  2  No  2  Dec  87. 
SwAiN,   Prof  G.   F.      Influence  of  forests  on  rainfall  and  the  flow  of 

streams.      11-26,  V  i  No  3  Mar  87. 
Raising  or  lowering  of  large  water  pipes.     Brackett,  Dexter.      198,  199, 

V  3  No  4  June  89. 

Rammers  for  tamping  under  large  pipes.     Go  wing,  E,  'H.,  and  others. 

Diags.      177,  V  12  No  3  Mar  98. 
Ramming  of  water  pipe  trenches,     McClintock,  W.  E.      71-77,  V  8  No  2 

Dec    93. 
Rams.     Babcock,  S.  E.     50-61,  V  3  No  i  Sept  88. 

Rankine  on  cast-iron  pipe  in  "  Civil  engineering":  note.      158,  trans  85. 
Raphidomonas  (Infusorian)  in  Lynn  water.     Whipple,  G.  C.     Ills.     348- 

357,  V  I  r  No  4  June  9  7 . 
Rates.     See  Water  rates. 
Ratio  of  pumping  capacity  to  maximum  consumption.     Sherman,  W.  B. 

90-98,  V  3  No  2  Dec  88,  disc  1 04-11 9,  V  3  No  3  Mar  89. 
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Raymond,   William   G.      Damages  to  mill   powers:   abstract   from  Troy, 

X  Y,  water  commissioner's  report.      152-156,  V  13  No  2  Dec  98. 
Reading  Water  Works,  Mass.     Bancroft,  L.  M.     Iron  removal  plant. 

294-300,  V  II   No  4  June  97. 
Reading,  Pa,  railroad  crossing.     Knudson,  A.  A.      Water  mains  at  rail- 
road crossing,  showing  electrolj^tic  action  on.      246-248,  V  15  No  3 

Mar  01. 
Recent  practice  in  pumping  engines.     Dean,  F.  W.     85-104,  V  8  No  2 

Dec  93. 
Recent  specifications  for  pumping  engines.     Dean,  F.  W.      172-194,  V  11 

No  2   Dec  (,6. 
Recording  gages. 

Gould,  J.  A.      Diag.  65-69,  V  5  No.  i  Sept  90. 

Perry,  F.  G.      Use  and  advantage  of  recording  pressure  gages.      255- 

257,  disc  257-261,  V  10  No  4  June  96. 
Recording  location  of  mains  and  services :  method. 

Broavn,  A.  W.  F.     Card  system.     226-228,  V  9  No  4  June  95. 
Kimball,  G.  A.     Diag.      157-159,  V  8  No  3  Mar  94. 
Records  of  water  works.     Glover,  A.  S.     69-79,  V  4  No  2  Def  89. 
Reducers. 

Brackett,   D.      Diags  and   dimensions.      Plate   XIII.    78,   V   8   No   2 

Dec  93.' 
N  E   WW  A,     Table.   353-357,  V  16  No  4  Dec  02. 
Reed,  Wilmer.     Died  Nov  96.     Obituary  276,  V  11  No  3  Mar  97. 
Refusal  of  application  for  water.     Gate,  E.  W.,  and  others.     32,  33,  V  r 

No  I  Sept  86. 
Relation  of  great  ponds  to  water  supplies.         Jackson,   J.  F.      203-208, 

V  3  No  4  June  89. 
Relation  of  light  to  growth  of  diatoms.     Whipple,  G.  C.      1-24,  disc  25, 

26,  V  II  No  I  Sept  96. 
Relation  of  water-works  engineers  to  fire  service  of  factories.     Atkinson, 

E.      58-63,  disc  63-83,  V  17  No  I  Alar  03. 
Relaying  street  mains,  Maiden,  Mass.     Allis,  S.  M.      79,  80,   V  5  No    2 

Dec  90. 
Relief  or  safety  valves  in  water  systems.     Babcock,  S.  E.     57-63,  V  3 

No  I  Sept  88. 
Removal  of  color,  etc.  from  water.   Clark,  H.  W.    1-8,  V  17  No  i  Mar  03. 
Removal  of    conduit  pipe  in  sections  (Sherburne,  N  Y).      Davis,  W.  E. 

125-128,  V  5  No  3  Mar  gi. 
Removal  of  iron  from  ground  waters.     Clark,   H.   W.     277-280,   disc 

2S0-284,  V  II  No  4  June  97. 
Rennie,  George.     Curved  pipe  experiments:  results     (Trans  Royal  Soc, 

1831).      1 13,  V  14  No  2  Dec  99. 
Repairs. 

San  Gabriel  Power  Co.     On  stave  pipe.      111.      285,  V  13   No  4  June  99. 
Tilden,  J.,  a.     On  wrought-iron  pipe  main.      202,  V  3  No  4  Jtme  89. 
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Reservoir  embankment    construction.     Taylor,  L.  A.     Diag.      130-133, 

disc  134—147,  V  8  Xo  3  ^lar  94. 
Reservoirs. 

CoGGESHALL,  R.  C.  P.      New  Bedford  Water  Works:  method  of  clean- 
ing.     210,  21  r,  disc  2T  I,  212,  V  4  No  4  June  90. 
Cook,  B.  I.     Woonsocket,  R  I.     Diag.  20-26,  disc  27-35,  V  12    No  i 

Sept  97. 
Crandall,    F.    H.      Burlington,    Vt.    During  construction.      111.      154, 

V  10  No  3  Mar  96. 

FitzGerald,   Desmond.     Covington   reservoir  water.      77.   V   5   No   2 

Dec  90. 
Forbes,  F.  F.     Alga;  in  reservoirs  and  ponds.      196-204,  disc  204-210, 

V  4  No  4  June  90. 

Chara  fragilis  in  reservoirs.      2  52-2  5. ^,  V  10  No  4  June  96. 
Freeman,  J.  R.     Portland,  Me.     Bursting  of.     Diag.      148-152,  disc 

152-154,  V  8  No  3  Mar  94. 
Fuller,  F.  L.     Natick,  Mass.     Covering  reservoir.    383-397,  disc 398- 

417,  V  17  No  4  Dec  03. 

Ware  Water  Works,  Mass.      53-55,  V  2  No  i  Sept  87. 
Haskell,  J.  C,  and  others.     Cleaning  methods:  disc.      147-155,  V  u 

No  2  Dec  96. 
Hassam,   W.    E.      Worcester,     Mass.       Diags.        153-158,     disc     158, 

159,  V  12  No  3  Mai-  98. 
Hastings,     L.     M.     Cambridge,     Mass.      Payson     Park.   111.    125-128, 

V  II  No  2  Dec  g6. 

Herschel,   Clemens.     E   Jersey  Water  Co.     Oak  ridge,  Clinton  and 

Macopin  intake.      19-22,  V  8  No  i  Sept  93. 
Hill,  W.   R.     Syracuse  Water  Works,   N   Y.     Method  of  removing 

organisms  from.     Ills.     213-229,  V  14  No  3  Mar  00. 
Holden,  H.  G.     Nashua,  N  H.     111.     250,  V  16  No  4  Dec  02. 
Howard,  J.  L.      Middesex  fells  (Met  Water  Works)  constriiction.     Ills. 

20-32,  disc  33,  V  15  No  I  Sept  00. 
Knapp,   L.    H.       Buffalo,  N    Y.       111.      Plate  IV.       208,    V    14  No  3 

Mar  oc. 
Knight,  C.  W.       Altoona,  Pa,  lloodwater  channels.      Ills  and  diags. 

151-162,  V  14  No  2  Dec  99. 

Kittanning  point :  plan.     97,  V  14  No  2  Dec  99. 
Met  Water  Works.     Framingham  and  Sudbury.     47,  V  16  No  i  Mar  02. 
NoYES,  A.  F.     Met  water  supply.      121,  V  10  No  2  Dec  95. 
Olmsted,  F.  L.     Met  W  W,  Spot  pond  reservoir.     Ills.     272-287,  V  15 

No  3  Mar  01. 
Saville,   C.    M.     Met  Water   Works.      Forbes   Hill.      Diags.    and  ills. 

177-222,  V  16  No  3  Sept  02. 
Stacy,  G.     A.     Millham,     Marlboro  Water    Works.      141-144,    V     r6 

No  2  June  02. 

Sligo  and  Millham.      140-146,  V  »6  Xo  2  June  02. 
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Taylor,   L.   A.     Newport  Water  Works,   N   H.      146-149,  disc   149- 

152,  V  12  No  3  Mar  98. 
Walker,  C.  K.     Manchester,  N  H.     High  service.     Ills,  diags.     66- 

75,  V  10  No  I  Sept  95. 
Weston,  R.   S.     Henderson,  N  C.      Cristatella    in.     Map  and  diag. 

20-26,  disc  27-29,  V  13  No  I  Sept  98. 
Whittemore,  W.  p.     High  water  alarm  for  reservoirs  and  tanks.     2 1— 

23,  disc  23-25,  V  3  No  I  Sept  88. 
Reservoirs,  Covered. 

Chase,   J.  C.     Albany,  Ga.     Cheap  covered  reservoir.      155,    156,  V  8 

No  3  Mar  94. 
Coffin,  F.  C.     Covered,  and  their  design.      Diags.      252-285.      Diags. 

286-288,  V  14  No  3  Mar  00. 
Forbes,  F.  F.     Brookline,  Mass.     Diags.      113-117,  V  8  No  3  Mar  94. 
Fuller,  F.  L.     Franklin,  N  H.     160,  161,  disc  161,  162,  V  5  No  4  Dec 

91.     Diag.     84,  85,  V  7  No  I  Sept  92. 
Hazex,  Allen.      Covered  filters  and  reservoirs.      327,  328,  V  11  No  4 

June  97. 
Noyes,  a.  F.     Covered  reservoirs.      124,  V  8  No  3  Mar  94. 
Swan,  C.  H.     45-53,  disc  53-66,  V  3  No  i  Sept  88. 
Reservoirs,  Storage. 

Comparative  table  of  areas,  depths  and  capacities.      121,  V  10  No  2 

Dec  95. 
Ste.\rxs,  F.  P.      Effect  on  quality  of  water.      1 15-125,  V  5  No  3  Mar  91. 
Revolving  pump:  description.     38,  V  i  No  i  Sept  86. 
Reynolds,  Irving  H.     Present  pumping-  engine  practice  of  E.   P.   AUis 

Co    compared  with  that  of  twenty-five  years  ago.      Ills  and  diags. 

172-200,  disc  200-205,  V  13  No  3  Mar  99. 
Rice,  George  S.,  and  Evans,  George  E.    Report  of  Manchester,  N  H,  high 

service.      Diags  and  ills.      68-75,  ^  ^°  No  i  Sept  95. 
Rice,  L.  Frederick. 
.Methods  and  apparatus  used  in  recent  test  of  water  meters  at  Boston. 

Diags.     67-79,  disc  80-89,  V  3  No  2  Dec  88. 
Rema,rks  on  meter  tests.      120-125,  V  3  No  3  Mar  89. 
Richards,  Walter  H. 

Accident  on  tile  pipe  conduit.  New  London,  Conn.      164,  V  3   No  4 

J  vine  89. 
Anchor    ice:     experience.     New    London,    Conn.      '275,    V    10    No    4 

June  96. 
Arrangements  of  hydrants  and  water  pipes  for   fire  protection:   disc. 

159-161,  V7  No  3  Mar  93. 
Charge  for  hydrant  service.     28,  V  i  No  i  Sept  86. 
Description    of    900  feet  cypress    stave    24-inch  pipe,    New    London, 

Conn.      287,  V  13  No  4  June  99. 
Direct  pumping  system.      79,  V  6  No  2  Dec  91. 
Engineers  and  insurance  underwriters.      65,  66,  V  17  No  i  Mar  03. 
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Furnishing  motor  power  irom  municipal  supply:  disc.      i6o.  V  6  No  4 

June  92. 
Lead  service  pipes.      22,  23,  V  6  No  i  Sept  91. 
Licensing  plumbers:  disc.      26,  27,  V  i  No  i  Sept  86. 
Necessity  for  tanks  for  kitchen  boilers,  etc.      59,  60,  trans  85. 
New    London,     Conn,     high   service    system.       148-151,    V     7    No    3 

Mar  93. 
New  London,  Conn,  laj-ing  20-inch  main.      178,  179,  disc  179-iSr,  V  4 

No  4  June  90. 
Service  pipe,  material,  size,  etc.     40-50,  disc  51-53,  65-67,  trans  84. 
Water  supply  quantity.      137,  138,  V  6  No  3  Mar  92. 
Richmond  Water  Works,  Va.       Bollixg.  C.  E.     39-43,  disc  43,  44,  V  4 

No  I  Sept  89. 
Risks  in  having  but  one  supply  main.     H.\xcock,  J.  C.      59-62,  disc  62, 

63,  V  6  No  I  Sept  91. 
Robbins,  Mayor  Gilbert  A.     Address  to  N  E  W  W  A,   12   June  88.     i,    2, 

V  3  No  I  Sept  88. 
Robertson,  R.  A.     The  Venturi  meter.      Diags  and  ill.      32-42,  disc  43- 

47,  V  7  No  I  Sept  92. 
Robinson,  Gov    George    D.     Address  at  dinner  to   Amer   "W  W   A   and 

N  E  W  W  A,  21  Apr  85.      195-199,  trans  85. 
Rochester  Water  Works,  N  Y. 

Eglee,  C.  H.      Setting  hydrants.      12,  V  4  No  i  Sept  89. 
KuicHLiNG,  Emil.     Abstract  from  report.      138-143,  V  13  No  2  Dec  98. 
Tubes,  J.  N.     Direct  pumping  system.     77-79,  V  6  No  2  Dec  91. 
Rogers,  Henry  W.,  Pres  N  E  W  W  A.     Portrait.     284,  V  r6  No  4  Dec  02. 
Cup  joints:  disc.      72,  V  i  No  i  Sept  86. 
Filtration  of  water.      54-59,  disc  59-62,  trans  84. 
Lawrence  Water  Works,  Mass.     Diags.     6-9,  V  i  No  2  Dec  86. 
Water  hammer.      78,  V  i  No  i  Sept  86. 
Died  15  April  01.     Obituary  365,  V  15  No  4  June  01. 
Rome,  Ga,  Filter  Plant.     Weston,  E.  B.     Description.     348.  V  14.  No  4 

Jtine  00. 
Rotch,  Morgan,  Mayor. 

Address  to  N  E  W  W  A,   16  June  86,  New  Bedford.     3.  4.  V    i    No    i 

Sept  86. 
Waste  of  water:  disc.      61,  62,  V  i  No  i  Sept  86. 
Rotterdam.     Sedgwick,  Prof  W.  T.     Sand  filters.      116-119,  V  7  No  2 

Dec  92. 
Roullier,  G.  A.     Water  meters,  Flushing  Water  Works,  N  Y.  Table.   56- 

58,  disc  59-65,  V  5  No  I  Sept  90. 
Rumpus  in  collecting  water  rates.     Ch.a.ce,   G.   F.     230-237,   disc   238, 

239,  V  14  No  3  Mar  00. 
Russell,    Daniel.     Necessity    for    tanks    for    kitchen    boilers    and    water 

closets:  disc.      68,  trans  85. 
Rusting  of  pipes.     See  Corrosion  of  pipes. 
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Sabin  coating  for  steel  pipes.    Hastings,  L.  M.     321,  322,  V  13  No  4  June 

99. 
Safety  valves,  use  in  distribution  systems.     Babcock,  S.  E.      57-63,  V  3 

Xo  I  Sept  SS. 
St  Gabriel  station,  Montreal  Water  Works.     Pitcher,  F.  H.     Pumping 

by  electricity.      352-373,  V  17  No  4  Dec  03. 
St  John,  N  B. 

MuRDOCK,  William.      Water  mains.      147-151,  V  13  No  2  Dec  98. 
Water  mains.      333-341,  disc  341-344,  V  13  No  4  June  99. 
Water  mains.      34-37,  V  15  No  i  Sept  00. 
St  Louis,  Mo,  Water  Works.     Dean,  F.  W.     Specifications  for  pumping 

engines:  disc.      172-194.  V  11  No  2  Dec  96. 
Salisbury,  Arnold  H.      Died  5  July  01.      Obituary  456,  V  15  No  5  Sept  01. 
Salt  water  fire  system  of  Boston.     McInnes,   F.   A.     Diags.     304-313, 

V  13  No  4  June  99. 
San  Francisco,  Cal.      Regvilations  for  use  of  private  fire  supplies.      435, 

436,  V  15  No  5  Sept  01. 
San  Gabriel  Power  Co. 

Forty-eight  inch  stave  pipe  line.      Ills.      246-249,  V  13  No  4  June  99. 
Adams,  A.  L.      Illustration  showing  accident  to  pipe  repaired  in  four 
hours.      285,  V  13  No  4  June  99. 
Sand  blast,  Experience  with. 

Ball,  Phinehas.      158,  V  3  No  4  June  89. 
Harrington,  J.  L.      166,  167,  V  3  No  4  June  89. 
Sand  filters.     Sec  Filters,  Filtration. 
Sand  filters  in  America.     Hazen,  Allen.     227-231,  243,  244,  V  12  No  4 

June   98. 
Sando,  Will  J. 

■    Met   water   works    pumping  machinery.      Diags,    ills.      299-304,  V    15 
No  4  June  01. 
Report  on  trial  of  30,000,000    gallon    pumping   engine.  Chestnut    hill 
high  service  station,  i,  2  May  00.      232-243,  V  15  No  3  Mar  01. 
Sands  for  filter:  selection.     Hazen,  Allen.      165-168,  V  7  No  3  Mar  93. 
Sanitary  condition  of  water  supply. 

Locke,  W.  W.      Sanitary  inspection  of  Met   Water  Works.      483-489, 

di.sc  489-492,  V  15  No  6  Dec  01. 
MiDDLETON,    R.    E.      Sanitar}-    districts     and     watersheds.      1 19-129, 

disc  129-137,  V  13  No  2  Dec  98. 
Sedgwick,  Prof  W.  T.      Btudington,  Vt.      167-183,  V  10  No  3  Mar  96. 
Sanitation  of  water  supply  in  nineteenth  century :  rise  and  progress.     Sedg- 

w If  K ,  Prof  W .  T .      31 5-3 3 7 ,  V  1 5  No  4  June  o i . 
Saville,  Caleb  Mills. 

Construction   of  a   reservoir   and   standpipe   at    Forbes    hill,   Quincy, 

Mass.     Met  W  W.     t)iags  and  ills.      177-222,  V  16  No  3  Sept  02. 
Pipes  and  pipe  laying  for  Met  Water  Works.     Plans  and  ills.     203- 
226,  disc  226-230,  V  17  No  2  June  03. 
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Schleiter,  Henry  L.     Meters:  disc.      6S,  V  i  No  i  Sept  86. 

Scoop  wheel:  hydraulic  machine,  described.      Fanxixg,  J.   T.      35,   V   i 

Xo  I  Sept  86. 
Scrap  iron.     Garrett,   Jesse,   and  others.     Use   in   fotmdries  for  pipe 

making.      55-59,  V  11  No  i  Sept  96. 
Scrapers  for  pipe  cleaning. 

Brackett,  Dexter.      Notes.      4,  V  i  No  3  Mar  87. 
Keating,  E.  H.      Halifax,  N  S.      Scraper.      21,  22,  V  5  No  i  Sept  90. 
MuRDOCK,    William.      St    John,    N    B.      Ills.      333-34.4,    V    13    No    4 
June  99. 
Secretary's  annual  reports.     See  N  E  W  W  A,  Secretary's  reports. 
Sedgwick,  Prof  William  T. 

Alga"  in  water.      206,  207,  210,  V  4  No  4  June  90. 

Asterionella.      23-25,  V  14  No  i  Sept  99. 

Biological  examination  of  water.      7-14,  V  2  No  4  June  88. 

Organisms  which  cause  unpleasant  tastes  and  odors  in  water.      54-64, 

V  14  No  I  Sept  99. 

Protection  of  surface  waters  from  pollution.      245-255,  disc  255-265, 

V  II  No  3  Mar  97. 

Purification   of    water    by    sand    filtration.      With    appendix    and    9 

plates.      103-130,  V  7  No  2  Dec  92. 
Recent  progress  in  biological  water  analysis.      Diag.      50-55,   disc   56- 

64,  V  4  No  I  Sept  89. 
Rise  and  progress  of  water  supply  sanitation  in   nineteenth   centviry. 

315-337.  V  15  No  4  June  01. 
Sand  and  mechanical  filters:  disc.      32-43,  52,  53,  V  14  No  i  Sept  99. 
Sand  filtration:  disc.      235-240,  V  12  No  4  Jtme  98. 
Sanitary  condition  of  Burlington,  Vt,  water  supply.      167-183,  V   10 

No  3  Mar  96. 
Systematic  examination  of  public  water  suppHes.      78-80,  V  14  No  i 

Sept  99. 
Utihzation  of  surface  water  for  drinking.      33-39.  disc  39-44,  V  5  No  i 

Sept  90.  .       ' 

Water  borne  diseases:  disc.      215,  216,  218-221,  V  10  No  4  June  96. 
Sediment  in  mains:  prevention  of :  disc.      16,  17,  V  4  No  i  Sept  89. 
Sedimentation  by  precipitation  tank  in  rivers.      Swarts,  Dr  G.  T.      11- 

14,  disc  15-19.  V  13  No  I  Sept  98. 
Selection  of  sands  for  a  filter.     Hazex,  Allex.       165-168,   V   7   No   3 

;Mar  93. 
Separate  high  pressure  fire  service  system. 

McIxxES,    F.   A.      Boston,   Mass,  salt    water    fire    system.      304-313, 

V  13  No  4  June  99. 

Weston,  E.  B.      Providence,  R.  I.      Diags.      85-91,  disc  91-93.  V  13 
No  2  Dec  98. 
Service  boxes. 

Cook,  B.  I.,  and  others.      Disc  and  diags.      305-314,  V  15  No  4  June  01. 
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HoLDEN  H.  G.     At  street  curbing:  best  form,  41,  V  i  No  i  Sept  86 
Lesage,  T.  W.     Service  boxes  of  Montreal  Water  Works.     284-28.7, 

V  17  No  3  Sept  03. 

Stacy,  G.  A.     Service  boxes.     36-38,  disc  38-40,  V  12  No  i  Sept  97. 

Service  gate  boxes.     339,  340,  V  11  No  4  June  97. 
Walker,  C.  K.     Manchester,  N  H.     Service  gate  boxes.     341,  342, 
disc  343,  V  II  No  4  Jtme  97. 
Service   and  water  main  location  records.     Kimb.\ll,   G.   A.      157-159, 

V  8  No  3  Mar  94. 

Service  locations.     Card  system.     Brown,  A.  W.  F.     226-228,  V  9  No  4 

June  95. 
Service  pipes. 

Chace,  G.   F.      Defects  and  remedy.      41-45.  disc  45-55.  V  12  No   i 

Sept  97. 
CoGGESHALL,  R.  C.   P.,  and  others.     New  Bedford,  Mass:  disc.     22- 

27,  V  6  No  I  Sept  91. 
Forbes,  F.  F.      Brookline,  Mass.     Cement-lined.     44-48,  disc  48-57, 

V  15  No  I  Sept  00. 

Lead  poisoning  by.      58-60,  disc  60-62,  V  15  No  i  Sept  00. 
Fuller,  F.  L.     Life  of.     221,  V  7  No  4  June  93. 
Hill,  W.  R.     Directions  for  laying.     38,  39,  V  13  No  i  Sept  98. 
HoLDEN,  H.  G.     Lead  connections  for  iron  pipes?     81,  82,  disc  82-89, 

V  6  No  2  Dec  91. 

Jones,  E.  R.     Protection  from  frost.      125-127,  V  3  No  3  Mar  89. 
N  E  W  W  A.     Reports  of  members.     4  tables.     Trans  84. 
Richards,  W.  H.     Lead  service  pipe.  •  22-27,  V  6  No  i  Sept  91. 

Material,  size,  etc.      40-50.  disc  51-53,  65-67,  trans  84. 
Walker,  C.   K.      Control  and  management:  disc.      19-22,  V  2   No   i 
Sept_87. 

Thawing  frozen  pipes:  experience.      220,  V  7  No  4  June  93. 
Setting    of    St    Paul    hydrants.       Parker,    F.    H.       ii,    12,    V4N01 

■      Sept  89, 
Sewage.       Hazen,    Allen.       Lakes   as    sources    of     water    supply    and 

receptacles  for  sewage.      163-166,  V  10  No  3  Mar  96. 
Sewage  purification  by  bacterial  methods.     Kinnicutt,  L.  P.      119-141, 

disc  142-147,  V  15  No  2  Dec  00. 
Seymour,  Charles  W.  S. 

Experience  with  anchor  ice  and  a  recording  pressure  gage,  Hingham, 

Mass.     223-225,  V  9  No  4  June  95. 
Died  16  Oct  93.     Obituary  108,  V  8  No  2  Dec  93. 
Shedd,  J.  Herbert.     Ratio  of  pumping  capacity  to  inaximum  consump- 
tion.     1 1  3-1 16,  V  3  No  3  Mar  89. 
Sherman,  Charles  W. 

Advertising   in    the    N*  E  W  W   A  Journal.       362,   363,   V  15  No  3 

Mar  01. 
Journal  report  1900-ot.      74-77.  V  16  No  i  Mar  02. 
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Water- works  statistics  in  Journal.      192,   193,  V  15  No  2    Dec    00; 
Portland,  Me,  remarks  450-452,  V   15   No  5   Sept  01;  statistics  for 
1900,  367-389,  V  15  No  5  Sept  01 ;  for  1901,  223-243,  V  16  No  3  Sept 
02;  for  1902,  235-257,  V  17  No  3  Sept  03. 
Sherman,  William  B. 

Calipering  pipe .      3  5-3  7 ,  trans  8 5 . 

Cast-iron  pipe,  information  wanted.      12-15,  V  i  No  i  Sept  86;  91,  92, 

disc  92,  93,  V  2  No  I  Sept  87. 
Practical  and  theoretical  precision   in   everyday    life.      52-57,    V    17 

No  I  Mar  03. 
Pumping  engine  duties,  etc.      23,  24,  trans  83. 
Remarks  at  dinner  of  Amer  W  W  A  and  N  E  W  W  A,  21  April  85.     209- 

211,  trans  85. 
Report  of  N  E  W  W  A  committee  on  exchange  of  sketches^      16-18, 

V  I  No  I  Sept  86. 
Suppression  polic}^  of   Amer  Engineers:  editorial  from    "  Engineering 

News,"  17  May  84.      28-30,  disc  31-38,  trans  84. 
Table  showing  water  consumption  and  pumping  capacity  in  Variovis 

cities  for  1886.     35,  V  2  No  3  Mar  88. 
Uniformity  wanted  in  water-works  reports.      143,   144,   149.  trans  85. 
Water  hammer.     75-77,  V  i  No  i  Sept  86. 

What  is  safe  ratio  of  ptimping  capacity  to  maximum  consumption.      90- 
98,  V  3  No  2  Dec  88;  disc  104-119,  V  3  No  3  Mar  89. 
Should  plumbers  be  licensed?    Rowland,  A.  H.,  and  others.    26-28,  V  i 

No  I  Sept  86. 
Silk  mill  wastes  polluting  streams.     Cl.\rk,  H.  W.      500-510,  V  15  No  6 

Dec    01. 
Simin,  Nicholas,  Chief  Engr  Moscow  Water  Works,  Russia.     Address    to 

N  E  W  W  A.     65.  V  12  No  I  Sept  97. 
Simmons,  Hon  William  A.      Remai-ks  at  dinner  of  Amer  W  W  A  and 

N  E  W  W  A,  21  Apr  85.      202-205,  trans  85. 
Sinking   funds. 

Coffin,  F.  C.     63-86,  disc  87-98,  V  1 1  No  i  Sept  96. 
FitzGerald,  D.      185,  186,  V  6  No  4  June  92. 
Fuller,  F.   L.      103-105,  disc  105-110,   V  12  No   2  Dec  97. 
Tables.     30,  31,  V  i  No  3  Mar  87. 
Siphon  laying  under  Broad  canal,  Cambridge.     H.a.rrington,  J.  L.     Diags. 

90-95,  V  7  Xo  2  Dec  92. 
Siphon  pipes    and    plugs.     Diag   and    dimensions.      Brackett,    Dexter. 

Plate  X.    78,  V  8  No  2  Dec  93. 
Sizes  of  pipes.     See  Pipes,  sizes. 
Skaneateles  lake,  Syracuse  Water  Works.    Hill,  W.  R.    40-45,  V  8  No   i 

Sept   93. 
Skating  rinks.  Use  of  hydrant  water  for.     Walker,  C.  K.,  and  others: 

disc.     143-146,  V  10  No  3  Mar  96. 
Sketches  and  blue  prints.     See  N  E  W  W  A  committees. 
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Sleeves.     Diags  and  dimensions. 

Brackett,  Dexter.    Plate  XI.    78,  V  8  No  2  Dec  93. 
Of  cast-iron  pipes.    N  E  W  W  A,  pipes.    358,  V  16  No  4  Dec  02. 
Slow  sand  filters,  Poughkeepsie,  N  Y.     Fowler.  C.    E.      209-227,  disc 

227-244,  V  12  No  4  June  98. 
Smith,  Prof  H.  E. 

Electrical  purification  of  water.      186,  V  8  No  4  June  94. 
Experience  in  sinking  funds.      106,  107,  V  12  No  2  Dec  97. 
Smith,  J.  Waldo.      Pressure  reducing  valves.     143,  V  17  No  2  June  03. 
Smith,  John  E.     Comparison  between  high  and  low  duty  pumping  engines 
in  a  small  water-AVorks  plant.      163-166,  disc   166-170,  V   14  No    2 
Dec  99. 
Smith,  Dr  Theobald.     "Water-borne  diseases,  cholera,  typhoid,    malaria, 

etc.    203-214,  disc  214-225,  V  10  No  4  June  96. 
Snell,   George  H.      Private   hydrants,   sprinkler  systems,  and   insvirance. 

64,  65,  71,  V  17  No   I   Mar  03. 
Snow  pumping  engine   test  at  Indianapolis,   Ind,   Water  Works.     Goss, 

Prof  W.  F.  M.     49-54,  V  13  No  I  Sept  98. 
Soft    answer:    advice    to    superintendents.      Gardner,    L.    H.      129-131, 

V  5  No  3  Mar  91. 

Soils  from  which  water  supplies  may  be  drawn  by  filter  galleries  or  driven 
wells.    Ball,  P.    29-32,  disc  ^^,  34,  V  3  No  i  Sept  88. 

Somerville  Water  Works,  Mass.     Service  box.     Diag.     307,  V  15  No  4 
June  o  I . 

Soper,  Dr  George  A.     Ozonization  of  water,    i-ii,  disc  11-19,  V  15  No  i 
Sept   00. 

Sources  of  water  supply. 

Hawes,  L.  E.     Springs.    Diags.    1 56-171,  V  11  No  2  Dec  96. 
.  Stearns,  F.  P.      Selection  of .      102-127,  disc  128-138,  V  6  No  3  Mar  92. 

Southwest  (Arid)  Arizona.      Experiences.    Allis,  S.  M.      Map.     261-269, 

V  I  2  No  4  June  98. 
Sparks,  H.  T. 

Electrolysis,  Brewer,  Me.      42,  43,  V  9  No  i  Sept  94. 
Experience  with  anchor  ice.     276,  V  10  No  4  June  96. 
Specifications. 

For  cast-iron  pipe.     See  Cast-iron   pipe. 
For  water  works.     See  Water  works. 
Spellman,  John  D.,  Mayor  of  Rutland,  Vt.     Address  to  N   E  W  W  A, 

nineteenth  annvial  inecting.    196,  V  15  No  2  Dec  00. 
Spigot  and  bell  of  cast-iron  pipe,  Yarmouth,  N  S.     Coffin,  F.  C.     Diag. 

38,  V  15  No  I  Sept  00. 
Spot  pond  reservoir,  Middlesex  Fells  (Met  Water  Works). 

IIoLLis,  F.  S.,  and  Parker,  H.  N.      Chlamydomonas.      Diags.    26-29, 

disc  30,  31,  V  14  No*  I  Sept  99. 
Olmsted.  F.   L.     Landscape  problems  in    the    improvement    of.     Ills. 
272-287,  V  15  No  3  Mar  or. 
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Sprague,  Phineas.      Died  14  Sept  87.     Obituary  35,  V  2  Xo  2  Dec  87. 
Springfield,    Mass.      Hancock,   J.    C.     Flushing   street    mains.       71,    73, 

trans  S5. 
Springfield  fire  department.      Hose  discharge  experiments.      152,  trans  85. 
Springs  utilized  as  town  water  supply  source.     Hawes,  L.   E.      Diags. 

1 56-171.  V  II  No  2  Dec  96. 
Sprinklers. 

Crosby,  E.  U.     Regulations  of  Nat  Fire  Protection    Assn.     103-109, 

V  15  No  2  Dec  00. 

French,  E.  V.,  and  others.     (Automatic)  and  loss  of  water.    97-101, 

V  12  No  2  Dec  97. 

Gerhard,  W.   P.      For  fire  protection  in  theaters,  etc.      85-89,   V  9 
No  2  Dec  94. 

Snell,  G.  H.    Private  hydrants,  sprinklers,  etc.    64,  65,  71,  V  17  No  i 
Mar  03. 
Stacy,  George  A.,  Pres  N  E  W  W  A. 

Address  to  N  E  W  W  A  on  election  to  presidency.     17,  18,  V  9  No  i 
Sept  94. 

Addre-ss  to  N  E  W  W  A,  11  Sept  95,  Burlington,  Vt.    5-8,  V  10  No  i 
Sept  95. 

Control  of  hydrants.    145,  146,  V  10  No  3  Mar  96. 

Fire  protection  for  manufactories.     177,  V  7  No  3  Mar  93. 

Hydrants.    32-37,  disc  37,  38,  V  4  No  i  Sept  89. 

Lead  connections  in  service  pipes.      83,  84,  V  6  No  2  Dec  91. 

Lead  joints.      99,  trans  85. 

Location  of  broken  mains  and  examination  of  hydrants  in  cold  weather. 
222-224,  V  7  No  4  June  93. 

Marlborough  Water  Works,  Mass.      Ills.      139-150,  V  16  No  2  June  02. 

Meters:  disc.      64,  V  i  No   i   Sept  86. 

Over-registration  of  meters.     99-108,  V  10  No  2  Dec  95. 

Plugs  for  hydrants.     1 1 ,  V  4  No  i  Sept  89. 

Protection  of  water  pipes  from  freezing.      201-203,  V  12  No  3  Mar  98. 

Reservoir  cleaning.      28,  29,  V  12  No  i  Sept  97.  - 

Separation  of  pipe  from,  hydrant :  experiinent  and  failure.     24-26,  V  7 
No  I  Sept  92. 

Service  boxes.      36-38,  disc  38-40,  V  12  No  i  Sept  97. 

Service  gate  boxes.      339,  340,  V  11  No  4  June  97. 

Testing  water  pipe  distributing  systems.      337,  V  11  No  4  June  97. 
Stacy  service  box.     Connet,  F.  N.    Plate  L    308,  309,  V  15  No  4  June  01. 
Stagnation  of  water  increases  color.     Hollis,  F.  S.     97-99.  V  13  No  2 

Dec  <)S. 
Standard  flanges  for  pipes.     See  Flanges. 
Standard  hydrants.     See  Hydrants. 
Standard  special  castings.     See  Castings. 

Standard  specifications  for  cast-iron  pipe.     See  Cast-iron  pipe. 
Standard  specifications  for  water  works.     See  Water  works. 
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Standard  required  for  testing  meters:  disc.  113-116,  V  10  No  2  Dec  95. 
Standpipe  system  for  fire  protection.  Ellis,  G.  A.  27-31,  V  7  No  i  Sept  92. 
Standpipes. 

Bassett,   C.    p.      Atlantic    Highlands,    N   J.      High   and   low   service. 

Diags.     215-219,  V  7  No  4  June  93. 
Beals,  J.   E.   Middleboro,  Mass.      Painting  of    standpipe.      157,    158, 

V  3  No  4  June  89. 
Chase,  J.  C.     Experience  with  wooden  bottom.  68-70,  V  8  No  2  Dec  93. 
Coffin,  F.  C.     And  their  design.   Diags.    202-214,  V  7  No  4  June  93. 
CoGGESHALL,  R.  C.  P.     Fall  of  Fairhaven  water  tower.     Ills.     522- 

524,  V  15  No  6  Dec  01. 
Cook,  B.   I.    Woonsocket,  R  I.      124-127,  disc   127-132,  V  14  No  2 

Dec  99. 
KiERAN,  Patrick.   Fall  River,  Mass.      Diag.     25-27,  disc  27-32,  V  2 

No  I  Sept  87. 
Nye,  J.   K.      Fairhaven,  Mass.      Diags.      175-180,  disc   180-182,  V  8 

No  4  June  94. 
Saville,  C.  M.  Quincy,  Mass   (Forbes  Mill).      177-222,    V    16    No    3 

Sept  02. 
Stacy,  G.  A.     Marlborough,  Mass.    111.    146-148,  V  16  No  2  Jtme  02. 
Whittemore,  W.  p.     High  water  alarm  for.     21-23,  disc  23-25,  V  3 

No   I   Sept  88. 
Stanwood,  James  Hugh.     Died  25  May  96.     Obituary  275,  V  11   No  3 

Mar  97. 
Statistics  of  water  works.      Statistics,  tables,  reports,  etc. 

18S6.  28-31,  V  1  \o  4  Jtme  87. 

1887.  5  tables  after  27,  V  2  No  4  June  88. 

1888-92.     After  225,  V  7  No  4  June  93. 

1893.  5  tables  127-134,  V  9  No  2  Dec  94. 

1894.  131-138,  V  10  No  2  Dec  95. 
1895-6.  273-288,  V  12  No  4  June  98. 
1897-9.  65-95,  V  ^5  -^o  I  Sept  00. 

1900.  367-389,  V  15  No  5  Sept  01. 

1901.  223-243,  V  16  No  3  Sept  02. 
'   1902.  235-257,  V  17  No  3  Sept  03. 

Stave  pipe:   its  economic  design  and  use.     Ad.wis,  A.  L.     Ills  and  diags. 

247-287,  disc  287,  V  13  No  4  June  99. 
Stealing  water. 

Atkinson,  Edward,  and  others.      58-63,  di.sc  63-83,  V  17  No  i  Mar  03. 
Kimball,  G.  A.      187-190,  V  4  No  4  June  90. 
Steam  and  water  power.     Dwight  Printing  Co,  Ashland.     198-200,  V  7 

No  4  June  93. 
Steam  fire  engines,  hydrants,  and  hose.     Capacity  tests.    Brackett,   D. 

With  tables.    i5;-i62,  V  9  No  3  Mar  95. 
Steam  pressure.     E.   P.   Ellis  Co  pumping  engines.      Reynolds,    I.    H. 
194,  V  13  No  3  Mar  99. 
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S  S  "  Puritan  "  walking  beam.    Hawes,  W.  M.    163,  164,  V  4  No  3  June  89. 
Stearns,  Frederic  P. 

Aeration  of  natural  waters.     102,  V  7  No  2  Dec  92. 

Algae  and  infusoria  in  water.      96,  97,  V  6  No  2  Dec  91. 

Bacteria,  Typhoid.    22-25.  ^  2  No  4  Jtine  83. 

Biological  water  analysis:  disc.    58-60,  V  4  No  i  Sept  89. 

Chemical  analysis  of  water.      16,  17,  26,  V3  No  2  Mar  88. 

Effect  of  storage  on  quality  of  water.      1 15-123,   disc   123-125,   V   5 

No  3  Mar  91. 
Selection   of   sources   for   water   supply,   with   tables.       102-127,    disc 

128-138,  V  6  No  3  Mar  92. 
Steben,  B.  F.     Iron  u  cement  pipes.    55,  56,  V  5  No  i  Sept  90. 
Steel  for  water  mains.     Hastings,  L.   M.     Ills.      314-324,  V   13   No  4 

June   99. 
Steel  forgings  for  pumping  engines.     Porter,  H.  F.  J.     Ills  and  diags. 

120-144,  V  12   No  2  Dec  97. 
Steel  pipes. 

Brackett,   Dexter.      Protection   against   corrosion.      325-331,   V    13 

No  4  June  99. 
Evans,  G.    E.,  and  others,     v  cast-iron  pipes    (New    Bedford    Water 

Works):  disc.    219-223,  V  11  No  3  Mar  97. 
Hastings,   L.   M.      Curved  40-inch  steel  riveted    pipe,   Payson    Park 

reservoir,  Cambridge,  Mass.    111.     128-132,  V  11  No  2  Dec  96;    316, 

V  13  No  4  June  99. 

Over  railroad.      111.      218,  V  13   No  4  June  99. 
Hill,  W.  R.   Fifty-four  inch  submerged  in  Skaneateles  lake,  Syracuse, 

N  Y.     Diag.    40-45,  V  8  No  I  Sept  93. 
Wood,    Edmund.     Forty-eight  inch  force  main,  New  Bedford  Water 

Works,  Mass.    111.    210,  211. 

Reasons  for  use.      212,  213,  V  1 1  No  3  Mar  97. 
Stetson,  Thomas  M.     A  resource  for  cheap  water  for  the  people.     Mass 

great  pond  water  laws.      1-18,  V  i  No  4  June  87. 
Stoddard,  Samuel  G.     Died  21  Aug  01.     Obituary  451,  V  15  No  .5  Sept  01. 
Stone,  Charles  A.,    and  Forbes,  Howard  C.    Electrolysis  of  water  pipes. 

Diag.    25-36,  disc  36-43,  V  9  No  i  Sept  94. 
Stone  pipes:  history.     Garrett,  Jesse.     36,  37,  V  11  No  i  Sept  96. 
Storage  basins.     Haskell,  J.  C,  and  others.     Method  of  cleaning:  disc. 

147-155.  V  II  No  2  Dec  96. 
Storage,  effect  on  quality  of  water.     Stearns,  F.  P.     Table.      115-125, 

V  5  No  3  Mar  91. 

Storage  reservoirs.     Comparative  table  of  areas,  depths,  and  capacities. 

121,  V  10  No  2  Dec  95. 
Storrs,  Prof  H.  A.     Electrolysis  of  pipes.     Diags.      33-42,  disc  42-47, 

V  10  No  I  Sept  95. 

Straight  pipes.     Standard  weights.     NEW  W  A  Com  table.    344,  V  16 
No  4  Dec  02. 
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Streams,  Large. 

Inexpensive  method  of  determining  public  use  of.      Crandall,  F.  H. 

344-347,  V  II  No  4  June  97. 
Pollution  of,  by  manufactural  wastes,  and  prevention.    Clark,  H.  W. 
500-510,  disc  510-513,  V  15  No  6  Dec  01. 
Street  mains.     See  Mains. 

Street  railway  electric  systems  and  electrolysis  of  pipes.    See  Electrolysis. 
Structures    or    machines    of    different    classes,     Economy    of.     Swain, 

Prof  G.  F.      32-34,  V  2  No  3  Mar  88. 
Submerged  steel  pipe.     >>t'  Steel  pipes,  and  Syracuse  Water  Works,  N  Y. 
Sudbury  and  Cochituate  watersheds:  capacity  in  drought.   FitzGerald,  D. 

12-21,  tables  and  diags    22-^,2,  V  2  No  2  Dec  87. 
Sudbury   River:    monthly   yield.     FitzGerald,    D.       1875-1886.      Diag. 

14,  V  2  No  2  Dec  87. 
Sullivan,  Jeremiah  F.,  Mayor  of  Holyoke,  Mass.     Address  to  N  E  W  W  A, 

8  June  92.      I,  2,  V  7  No  i  Sept  92. 
Sulphate   of  alumina:   purification   of   water   supplies.     Weston,    E.    B. 

333—362,   V    14   No   4  June   00. 
Superintendents  of  water  works,  Advice  to.     Gardner,  L.  H.     The  soft 

answer.      129-131,  V  5   No  3  Mar  91. 
Supply  mains.     See  Mains. 
Suppression  policy  of  Amer  Engrs.  Editorial  from  "  EngNews,"  17  May  84. 

Sherman,  W.  B.      28-30,  disc  31-38,  trans  84. 
Surface  water. 

Drown,   Prof  T.    M.      Odor  and  color,   chemical   aspect.      3-15,   disc 

15-29,  V  2  No  3  Mar  88. 
Haskell,    J.    C.      How   to    secure    pure    water   from.      137-144,    disc 
144-155,  V  II  No  2  Dec  96. 

Water  supplies  of  Mass.      79-84,  V  13  No  2  Dec  98. 
Hollis,   F.   S.     Determination  of  color  and  relation  to  character  of 
water.     Diags.     94-1 11,  disc  11 2-1 18,  V  13  No  2  Dec  98. 
.     Sedgwick,  Prof  W.  T.     For  drinking.     33-39,  disc  39-44.  V  5  No  i 
Sept  90. 

Purification  by  sand  filtration.      111.      103-130,  V  7  No  2  Dec  93. 
Protection  from  pollution.      245-255,  disc  255-265,  V  11  No,  3  Mar  97. 
Stearns,  F.   P.      Quantity  and  quality.     102-128,  disc   128-138,  V  6 

No  3  Mar  92. 
Whipple,   G.   C.     Temperature   and  its   effects  on   growth   of  micro- 
organisms.     Diags.      202-216,  disc  216-222,  V  9  No  4  June  95. 
Whipple.  G.  C.,  and  Jackson,  D.  D.     Seasonal  distribution  of  aste- 

rionella.     Diag.     8,  V  14  No  i  Sept  99. 
WiNSLOW,    C.-E.    A.     Bacteria   per   cubic    centimeter.     Boston    tap, 
Mcrrimac  and  Thames  rivers.     465,  466,  Vis  No  6  Dec  01. 
Swain,  Prof  George  F.  ' 

Economy  of  structures  of  different  classes:   methods  of  comparison. 
32-34,  V  2  No  3  Mar  88. 
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Influence  of  forests  on  rainfall  and  the  flow  of  streams.      11-26,  V  1 
No  3  Mar  87. 
Swamp  drainage  for  watershed  improvement.     Larxed,   E.   S.     36-44, 

disc  44-50,  V   16  Xo   I   Mar  02. 
Swan,   Charles   H.      Covered   reservoirs.      45-53,   disc    53-56,   V  3    No    i 

Se])t   SS. 
Swarts,  Dr  Gardner  T. 

Man's  imitation  of  nature  in  purification  of  water.      i-i4,disc    15-19, 

V  13  No  I   Sept  qS. 

Mechanical  filtration.      354-357.  V  14  No  4  June  00. 
Sweeney  scraper  for  cleaning  water  pipes.      21,  22,  V  5  No  i  Sept  90. 
Symons,  G.  J.     Watershed  areas  and  sanitary  districts:  disc.      133,  134, 

V  13   No   2   Dec  98. 
Syracuse  Water  Works,  N  Y. 

Hill,  W.  R.     Fifty-four  inch  submerged  steel  pipe  in  Skaneatcles  lake. 

Diag.     40-45,  V  8  No  i  Sept  93. 

Method  of  removing  organisms  from  water  in  distribtiting  reservoir. 
Ills.      213-216,  disc  216-229,  V  14  No  3  Mar  00. 
Venner,  John.     Municipal  vise  and  waste  of  water.      268-271,  V  17 

No  3  Sept  03 

Tamping  and  ramming  in  back  filling   trenches.      Gowing,  E.   H.,  and 

others.      175-18S,  V  12  No  3   Mar  qS. 
Tanks  for  supply  of  water  closets  and  kitchen  boilers,  a  necessity.  Billings, 

\Y.    R.      51-56,   disc    56-6S,   trans   85. 
Tanks,  Elevated.     Sec  Standpipes. 
Tannery  wastes  polluting  streams.     Cl.\rk.  H.  "W.     500-510,  disc  510- 

513,  V  15  No  6  Dec  01. 
Tapping  band  on  cast-iron  pipe  for  large  connections.     T.wlor,  L.  A. 

229,  230,  V  9  No  4  June  95. 
Tar,  a  preventative  of  tubercles  in  iron  and  steel.     H.\le.  R.  A.     244-251, 

\'^  10  No  4  June  96. 
Tarrytown  Water  Works,    N    Y.       Leach,    S.    B.      136,    Y6   No  3  Mar 

92. 
Taste  and  odor  imparted  to  water  by  algas  and  infusoria.     Forbes,  F.  F. 

90-96,   disc  96,  97,  V  6  No  2  Dec  91. 
Tastes   and   odors,  Unpleasant,   caused   by   organisms.     Sedgwick,    Prof 

W.  T.     54-64.  V  14  No  I   Sept  99. 
Taunton,  Mass. 

Billings,  \V.  R.      Direct  pumping  system.      77,  V  6  No  2  Dec  91. 

Street  main  flushing.     85-87,  trans  85. 
Chace,    G.    F.     Artesian   well   experiment.      221-223,    disc    223,    224, 

V  4  No  4  June  90. 

Cement-lined  service  pipes.      24,  V  6  No  i  Sept  91. 
Direct  pumping  system,  three  years' experience.      67-75,  disc  76-80, 
V  6  No  2  Dec  91. 
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Efifect  of  i6-inch  direct  river  pipe  on  supply.      1 79-181,  V  6  No  4 

June  92. 
Handling  fires  while  changing  mains  upon  important  streets.     230- 

233,  V  10  No  4  June  96. 
Laying  a  16-inch  main  across  a  rocky  stream  and  over  dam.      103- 

105,  V  9  No  2  Dec  94. 
Rumpus  in  collecting  meter  rates.      230-237,   disc   238,   239,   V   14 
No  3  Mar  00. 
Taylor,  Charles  N.     Depth  of  driven  wells.      134-136,  V  17  No  2  June  03 
Taylor,  Lucian  A. 

Construction  of  reservoir  embankments.      Diags.      130-133,  disc   134- 

147,  V  8  No  3  Mar  94. 
Construction  of  the  Newport,  N  H,  Water  Works.      145-149,  disc  149- 

152,  V  12  No  3  Mar  98. 
Experience  with  a  water  meter.      182,  V  6  No  4  June  92. 
Necessity  for  more  than  one  supply  main:  disc.      63,  V  6  No  i  Sept  91. 
Quincy  dam.     Diags.      167-173,  disc  173,  174,  V  3  No  4  June  89. 
Use  of  tapping  band  on  cast-iron  pipe  for  large  connections.    229,  230, 

V  9  No  4  Jvme  95. 

Water  meters.     57-60,  disc  60-68,  V  i  No  i  Sept  86. 
Weight  of  cast-iron  pipe.      40,  41,  trans  85. 

Woodbridge  dam,  Conn.      51-55,  disc  55,  56,  V  6  No  i  Sept  91. 
Taylor,  William  D.     Died  2  Jan  94.     Obituary  195,  V  8  No  4  June  94. 
Telemeter  in  standpipes.     Cook,  B.  I.,  and  others.     Disc.      130-132,  V  14 

No  2  Dec  99. 
Temperature  of  surface  waters  and  effect  on  growth  of  micro-organisms. 
Whipple,  G.  C.     Diags.     202-216,  disc  216-222,  V  9  No  4  June  95. 
Temporary  dam,  New  Bedford,  Mass. 

V  3  No  4  June  89. 
Tenement-house    water    consumption, 

236-238,  V  9  No  4  June  95. 
Terre  Haute,  Ind,  flushing  laterals,     h 
Test  of  lifting  water  from  wells  with  air. 

No  I  Sept  98. 
Test  of  new   pumping  engine,  Waltham,  Mass.     Dean  and  Main.    171- 

173,  V  14  No  2  Dec  99. 
Test  of  Snow  pumping  engine,  Indianapolis,  Ind.     Goss,  Prof  W.  F.  M. 

49-54.  V  13  No  I  vSept  98. 
Testing  Newton  mains.     Hyde,  H.  N.     336,  337,  V  11  No  4  June  97. 
Testing  of  joints  and  pipes.     Hill,  W.  R.,  and  others.    Disc.    41-44,  V  13 

X(,    ,    Sept   08. 
Testing  of  pipes  by  manufacturers.     Darling,  Edwin.     37,  38,  trans  85. 
Testing,  uniformity  of  method.     Thomson,  J.     Diags.      77-96,  disc  96- 

108,  V  10  No  2  Dec  95. 
Testing  water  pipe  distribution  systems.     Fuller,  F.  L.     Ills.     330-335, 

disc  335-338,  V  II  No  4  June  97. 


Coggeshall,  R.  C.  p. 

200,  201, 

N    Y.     Washington, 

W.    d'H. 

owland,  a.  H.     91,  92, 

trans  85 

r.     Davis,  F.  A.  W.     51 

-54,  V  13 
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Testing  water  meters. 

Billings,    W.    R.,    and   others.       Best  method.      Disc.     93,  94,  Y  2 

No  I  Sept  87. 
Kimball,  F.  C.     Some  6-inch  meter  tests  and  how  made.      305-331, 

disc  331-337,  V  17  No  4  Dec  03. 
Testing:  remarks.     Rice,  L.  F.      120-125,  V  3  No  3  Mar  89. 
Tests  by   tubular  wells  for  amount  of  water  supply   (Kingston,   Mass). 

BovcE,  W.  C.     26-28,  V  3  No  I  Sept  88. 
Tests  of  articles  of  commerce  to  be  conducted  by  N  E  W  W  A.   Herschel, 

Clemexs.      loo-rir,  disc  rii-ii6,  V  10  No  2  Dec  95. 
Tests  of  rotary  and  disc  meter  systems.     Hawley,  W.  C.      111-119,  V  12 

No  2  Dec  97. 
Tests  of  water  meters.     Rice,  L.  F.     67-79,  flisc  80-89,  V  3  No  2  Dec  8&. 
Thawing  hydrants.      Bailey,  G.  I.     Apparatus.      121,  V  14  No  2  Dec  99 
Thawing  macadam   surfacing  by  steam,  for  trench  making.     Weston 

E.  B.,  and  others.      Providence,  R  I.      90,  91,  V  13  No  2  Dec  98. 
Thawing  service  pipes:  experience.  Walker,  C.  K.   220,  V  7  No  4  June  93 
Theatres,  fire  protection  and  water  service.  .  Gerhard,  W.   P.      77-92 

V  9  No  2   Dec  04. 

Thermophone:  described.     Whipple,  G.  C.     Diag.     203,    204,    218-222 

V  9  No  4  June  95. 

Thickness  and  weight  of  standard  cast-iron  pipe.     N  E  W  W  A  table 

343,  V  16  No  4  Dec  02. 
Thomas,  R.  J. 

Frozen  hydrants.      145,  V   10   No  3   Mar  96. 

Report   of   advertising  in  NEWW   A  Journal       77-79,  V  16   No    i 
Mar  02. 
Thomson,  John. 

Is  the  game  worth  the  candle?      (Meters.)      58-67,  V  8  No  2  Dec  93. 

Meters.     45-47,  V  7  No   i   Sept  92. 

Uniformity  of  methods  in   testing  meters.      Diags.      77-96,   disc   96- 
108,  V  10  No  2   Dec  95. 
Three-crank  compound  engine.     Sec  Pumping  engines. 
Tidd,   Marshall  M. 

Driven  wells:  disc.      79-81,  V  i  No  i  Sept  86. 

Filter  galleries  on  borders  of  rocky  ponds.    106-108,  V  5  No  3  Mar  91. 

Poppet  valves  and  frozen  hydrants.      14-16,  V  i  No  2  Sept  87. 

Reservoir  embankment  construction.    135-138,  140,  V  8  No  3  Mar  94. 

Service  pipes.      21,  V  2  No  i  Sept  87. 

Specifications  for  water  works.      176-178.  V  6  No  4  June  92. 

Use  and  weight  of  special  castings:  disc.    9-12,  V  3  No  i  Sept  88. 

Water  hammer.      75,  76,  V  i   No   i   Sept  86. 

Water  tanks:  disc.      27-32,  V  2  No  i  Sept  87. 

Died  20  Aug  95.     Obituary  76,  V  10  No  i  Sept  95. 
Tilden,  J.  A. 

Repairs  on  wrought-iron  pipe  main.      202,  V  3  No  4  June  89. 
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Testing  of  water  meters:  disc.      88,  89,  V  3  No  2  Dec  88. 
Testing  of  water  meters.     332-334,  V  17  No  4  Dec  03. 
Water  supply  sources.      133-135,  V  6  No  3  Mar  92. 
Tile  pipe  condtiit,  accident,  New  London,  Conn.     Richards,  W.  H.    164, 

V  3   No  4  June  89. 

Tin-lined  iron  service  pipe.     Chace,  G.  F.     45.  V  12  No  i  Sept  97;  56,  57, 

V  15  No  I  Sept  00. 

Tintometer  (Lovibond).     Hollis,  F.  S.      104,  V  13  No  2  Dec  gS. 
Tonawanda  Water  Works,  N  Y.     Fales,  F.  L.     23,  V  4  No  i  Sept  89. 
Tower,   D.   N.      Handling  air  in   a  tube-well  pumping  plant,   Cohasset, 

Mass.      189-193.  disc  193,  194,  V  12  No  3  Mar  98. 
Trautwine,  John  C,  Jr. 

Appeal  for  aid  for  Kutter  family.      7,  V  3  No  i  Sept  88. 

Letter  in  regard  to   Poncelet's  and   Kutter's  formula;.      18,   19,   V   i 

No  2  Dec  86. 
Letter  soliciting  co-operation  of  N  E  W  W  A  with  Assn  of  Eng  Socs. 
137-139.  V  9  No  3  Mar  95. 
Trenches.     See  Pipe  trencheg. 

Trolley  system  affecting  pipes.     See  also  Electrolvsis. 
Williams,  G.  S.     44,  45,  V  10  No  i  Sept  95. 
WiNSLOW,  G.  E.     42-45,  V  10  No  I.  Sept  95. 
Troy  Water  Works,  N  Y.     Abstract  of  report:  damage  to  mill  powers. 

Raymond.  W.  G.      152-156.  V  13  No  2  Dec  08. 
Tryon,  James.      What  a  water  supply  engineer  can  do  for  the  fire  depart- 
ment.     93-102,  V  9  No  2  Dec  94. 
Tubbs,  J.  Nelson. 

Direct  ]Himping  system,  Rochester  Water  Works,  N  Y.      77-79.  V  6 

No  2  Dec  91 . 
Some  reasons  why  a  municipal  water  supply  should  not  furnish  motor 
powcr.      152-155,  disc  155-160,  V  6  No  4  June  92. 
Tube  wells. 

Bowers,  George.     Experience,  Lowell,  Mass.     67-76,  V  9  No  2  Dec  04. 
Experiments  and  result.      30-33,  disc  33-35,  V  13  No  i  Sept  98. 
Second  plant  at  Lowell.      226-228,  disc  229,  V  10  No  4  June  96. 
BoYCE,  W.  C.     Tests  for  amount  of  water  stipply.      26-28,  V  3  No  i 
Sept  88. 
Tubercles   in   iron  and   steel   penstocks.     Hale,    R.    A.     Ills.      244-251, 

V  10  Xo  4  June  06. 

Tuberculation  and  sediment  in  service  pipes:  disc.      105-107,  V  8  No  2 

Dec   93. 
Turbidimeter.     Anthoxy,  C,  Jr.     Diag.      256-262,  V  16  No  4  Dec  02. 
Turbines  and  pumps,  Willimantic  Water  Works,  Conn.     Ills.     40,  V  i 

No  I  Sept  86. 
Twenty  years  after.     Coc.^,esh.\ll,  R.  C.  P.      Retrospect  of  N  E  W  W  A. 

271-289,  V  16  No  4  Dec  02. 
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Typhoid. 

Clark,  H.  "W.      In  Lawrence.  1892-1898.      83-86,  V  14  No  i  Sept  99. 
Mason,  W.   P.     Traced  to  water.  Cohoes,  N  Y.      143,   144,  V  6  No  3 

Mar  92. 
Mills,   H.   F.      In  Lawrence.      Diags.     44-55.  disc   55-57,   V  9  No   i 

Sept  94. 

In  its  relation  to  water  supplies.     Talsles.      149-156,  disc   156-160, 
V  5  No  4  June  91. 
Sedgwick.    Prof   W.    T.      Epidemics   caused   by   pollution   of   surface 

water.      245-255,  disc  255-266,  V  11  No  3  Mar  97. 

Epidemic  in  Lausen,  Switzerland.      327-331,  V  15  No  4  June  01. 
WiNSLOW,  C.-E.  A.      Bacillus:  isolation.      469-471,  V  15  No  6  Dec  01. 

Epidemic  in  Ithaca,  N  Y,  and  Lawrence,  Mass,  etc.     i  71-173,  V  17 

No  2  June  03. 
Typhoid  bacteria.     5(V  Bacteria,  Typhoid. 

Underground  piping  systems.  Electrolysis  of.     Kxudson,  A.  A.      244-255, 

disc  255-271,  V  15  No  3  Mar  01. 
Underground  water.      Bowers.  George.      127-132,  disc   132-137,   V   17 

No  2  June  03. 
Uniform  classification  of  water  rates.     Howlaxd,  A.  H.      15,  16.  V  i  No  i 

Sept  86;  32-42,  disc  42-44,  V  2  No  i  Sept  87. 
Uniformity   in   design   for   special   pipe    castings.     Brackett,    Dexter. 

Tables.      78-So,  V  8  No  2  Dec  93. 
Uniformity  in  municipal  reports.     Baker,  M.  N.      189-192,  V  15  No  2 

Dec  00. 
Uniformity    of    methods    in    testing    water     meters.     Thomson,     John. 

Diags.      77-96.  disc  96-ioS,  V  10  No  2  Dec  95. 
Upton,  Albert  F.      Died  8  Jtme  88.     Obituary  99,  V  3  No  2  Dec  88. 
Uroglena.     Goodnough.  X.  H.      Examination  of  public  water  supplies. 

70-78.  disc  78-81.  V  14  No  I  Sept  90. 
Use  and  weight  of  special  castings.     Tidd,  M.  M.,  and  others.     9-12,  V  3 

No   I   Sept  88. 
Use  of  meters  and  city  ownership.     Chace.G.F.      21,  22,  V  6  No  i  Sept  91. 
Use  of  water  from  hydrants.      Walker,  C.  K.      143,  144,  V  10  No  3  Mar  96. 
UtiUzation  of  surface  water  for  drinking,     Sedgwick,  Prof  W.  T.     33-39, 

disc  39-44.  V  5  Xo  I  Sept  90. 
Utilizing  a  spring  as  a  source  of  supply.     Hawes,  L.  E.      156-17  i,  V  11 

No  2  Dec  96. 
Uvella,  the  worst  infusorian  in  water.     Forbes,  F.  F.     91.  92,  V  6  No  2 

Dec   91. 

Value  of  water  as  an  asset:  query.      270,  V  11  No  3  Mar  97. 
Valve  examination:  disc.      70,  71,  V  i  No  i  Sept  86. 
Valves,  Relief  or  safety. 

Babcock,    S.    E.      Use   in   water- works   distribution     system.      57-63, 
V  3  No  I  Sept  88. 
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Coffin,  F.  C,  and  others.      Pressure  reducing  valves.     142-145,  V  17 
No  2  Jixne  03 . 
Velocity  of  water  in  36-inch  and  30-inch  compound  pipe.    Diags  of  velocity 

curves.      Porter,  Prof  Dwight.      189-194,  V  8  No  4  June  94. 
Venner,  John.      Municipal  use  and  waste  of  water.      268-271,  V  17  No  3 

Sept  03  ;  disc  3  74-3 77,  V  17  No  4  Dec  03 . 
Venturi  metfer. 

Herschel,  C.      Use  in   E  Jersey  Water  Go's,  Newark  Water  Works. 

29,  30,  diag  33,  V  8  No  i  Sept  93. 
HoLDEN,  H.  G.      Test  at  Worcester.      159,  V  12  No  3  Mar  98. 
N    E   W  W  A  Com  on  fire  protection.      295,  disc  296-314,  V  16  No  4 

Dec  02. 
Robertson,  R.  A.     Diags  and  ills.     32-42,  disc  43-47,  V  7  No  i  Sept 
92. 
Vermont  water  supplies. 

Moat,  C.  P.      Table.      514-521,  V  15  No  6  Dec  01. 

Sedgwick,  Prof  W.  T.      Burlington,  Vt.      167-183,  V  10  No  3  Mar  96. 
Vertical   compound    pumping    engine,    E.    P.   Allis   Co.      See    Pumping 

engines. 
Vigilance,  Eternal,  the  price  of  good  water.     Chacr,  G.  F.    147-150,  V  9 

No  3  Mar  94. 
Virchow   and   Devonshire    processes.     Drown,    Prof   T.    M.     Filtration. 
81,  82,  V  5  No  2  Dec  go. 

Walker,    Charles   K.,    Pres  NEW    W  A.      Portrait.    Front,   V  17  No  i 
Mar  03. 
Cement  pipes.      53,  54,  V  5  No  i  Sept  90. 

Control  and  management  of  service  pipes:  disc.    19-22,  V  2  No  i  Sept  87. 
'     Excessive  consumption  of  water.    237,  238,  V  9  No  4  June  95. 

Fire  protection  for  manufacturing  establi.shments:  disc.     176-179,  V  7 
No  3  Mar  93. 
•  Frozen  hydrants;  Manchester,  N  H.      13,  14,  V  2  No  i  Sept  87. 
Laying  a  inain  on  Merrimac  river  bottom,  etc.      220,  V  7  No  4  June  93. 
Manchester,  N  H,  high  service.      Ills.    66-68,  6S-75,  V  10  No  i  Sept  95. 
Manchester,  N  H,  service  gate  boxes.     341,  342,  disc  343,  V  11   No  4 

June   97. 
Plugs.    220,  V  7  No  4  June  93. 
Private  fire  supply  charges  and  control  of  supply.      407,  408,  420.  V  15 

No  5  Sept  o  1 . 
Stave  pipe  first   used  in   Manchester,   N    11,  in    1874.      248,   287,   V    13 

No  4  June  99. 
Thawing  frozen  service  pipes.      220,  V  7  No  4  June  93. 
Use  of  water  from  hydrants.      143,  144,  V  10  No  3  Mar  96. 
Water  meter  registration.      61-64,  V  5  No   r   vSept  90. 
Walking   beam  in  S  S  "Puritan."     Hawes,  W    M.      163,  164,  V  3  No  4 
June  89. 
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Waltham  Water  Works,  Mass. 

Deax    and    Main.     Test    of    new    pumping    engine.      171-173,    V    14 

No  2  Dec  99. 
Fuller,  F.  L.     Covered  svipply  well.     255,  V  14  No  3  Mar  00. 
Well  to  supply  Waltham:  diag.      182-184,  V  6  No  4  June  92. 
Johnson,    F.    P.      Basin    and    well    covering.      Diags.      120-122,    disc 

123-129,  V  8  No  3  Mar  94. 
WixsLOw,  Cr.  E.      118-120,  V  8  No  3  Mar  94. 
Wannacomet  Water  Works.     See  Nantucket,  Mass. 
Ward  joint  pipes  used  for  laying  pipe  under  river.      135,   136,   139,  V  5 

Xo  3  Mar  gi. 
Ware  Water  Works,  Mass.     Fuller,  F.  L.    49-62,  disc  62,  63,  V  2  No  i 

Sept   87. 
Warren  chemical  pump.     Weston,  E.  B.      111.     341,  V  14  No  4  June  00. 
Warren  filter.     Pittsburg  plant,  Pa.     Knowles,  Morris.     111.      162-167, 

V  15  No  2  Dec  00. 
Warsaw  Water  Works,  Russia.     Sedgwick,  Prof  W.  T.     Covered  filter. 

Plate.    115,  V  7  No  2  Dec  92. 
Washington,  William  d'H.     Tenement-house  water  consumption,  N  Y. 

236-238,  V  9  No  4  June  95. 
Waste  heat  engines.     Miller,  E.  F.     44-50,  disc  50,  51,  V  17  No  i  Mar 

03- 
Waste  of  water. 

Baldwin,  C.  H.,  and  others.      Meters  as  detectors.      34-42,   trans   83. 
Brackett,  Dexter,    Water  waste.    56,  57,  V  i  No  i  Sept  86. 

Discussion  of  D.  Brackett's  paper.      10-17,  V  i  No  2  Dec  86. 
Cook,  B.  I.     Detection.     22-24,  V  7  No  i  Sept  92. 
Ellis.  G.  A.      Water  waste  and  leakage.      38-40,  trans  83. 
Haskell,  J.   C.     Reduction  of.     231-233,   disc    233-239,   V  9   No  4 

June  95. 
In  winter:  disc.      3-5,  V  2  No  4  June  88. 

Nevons,  Hiram.     Causes  and  prevention.    27-29,  disc  30—47,  trans  83. 
Thomson,  John.     Comparison   of    cost    of  meters  and  loss  6f  water. 

58-67,  V  8  No  2  Dec  93. 
Venner,  John.      Municipal  use  and  waste  of  water.      268-271,  V   17 
No  3  Sept  03;  disc  374-377,  V  17  No  4  Dec  03. 
Water  a  medium  of  contagion.        Abbott,  Dr  vS.  W.       25,  26,  V  2    No  4 

June   88. 
Water  analysis.     See  Analysis. 
Water  as  an  asset:  query.      270,  V  1 1  No  3  Mar  97. 
Water-borne  diseases,  cholera,  typhoid,  malaria,  etc.     Smith,  Dr  T.    203- 

214,  disc  2  14-225 ,  V  10  No  4  June  96. 
Water  consumption.     See  Consumption  of  water. 
Water  discharge  from   and  through   pipes:  formulae.      26,    27,  V   i  No  2 

Dec  86. 
Water,  Effect  of  storage  on.      Stearns,  F.  P.      1 15-125,  V  5  No  3  Mar  91 . 
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Water  filters.     See  Filters. 
Water  filtration.     See  Filtration. 
Water  gates.     See  Gates. 
Water  hammer. 

Farnham,    E.    E.      Experiences  with,  at    Sharon,    Mass.      56,    57,    disc 

57-59,  V  6  No  I  Sept  91. 
GiBBS,  H.  F.      Effect  on  service  pipes,  Xatick,  Mass.      171,  V  16  No  3 

Sept  02. 
Hancock,  J.  C.      Effect  on  main  pipes  and  remedy.      11,  disc  11-14, 

V  5  No  I  Sept  90. 

Manning,  G.  E.  Disc.  135-138,  V  16  No  2  June  02. 
NoYES,  A.  F.  Discussion.  72-81,  V  i  No  i  Sept  86. 
Perry,    F.    G.,  and   others.      Detection  by   recording   pressure    gage. 

257-259,  V  10  No  4  June  96. 
WiNSLOW,  G.   E.      Effect  on    cement-lined  pipe.      191-194,   disc    195, 

196,  V  4  No  4  June  90. 
Water  in  Japan.     Chaplin,  W.  S.     20-26,  V  i  No  2  Dec  86. 
Water  in  some  of  its  higher  relations,  geological  and  political.     Be.\ch, 

Rev  D.  N.      133-142,  V  3  No  3  Mar  89. 
Water  meter  registration.     Walker,  C.  K.     61-64,  V  5  No  i  Sept  90. 
Water  meter,  The.    Verses.     L.wing.  J.  B.     69,  V  i  No  i  Sept  86. 
Water  meters.     5Vr  Meters. 
Water  pipe  trenches  v  good  roads.     McClintock,  W.   E.      71-77,  V  S 

No  2  Dec  93. 
Water   pipes.     Sec   Cast-iron;   Cement-lined;    Stave;    Steel;    Stone;   Tin- 
lined;  and  Wood  pipes. 
Water  power  in  streams.  Methods  of  estimating  loss  of.     Hastings,  L.  M. 

Diags  and  tables.      195-201,  V  7  No  4  June  93. 
Water  purification.     See    Filters;     Filtration;    Oxidation;    and    Ozoniza- 

tioh. 
Water    ram.     Waltham    Water    Works,    Mass:    experience.      Winslow, 

G.  E.     493-499,  V  15  No  6  Dec  01. 
Water  rates. 

Classification:     Uniform     methods     of.     NEW    W     A     committee 

appointed.     15,  16,  Vi  No  i  Sept  86;  18,  V  2  No  i  Sept  87.   Report  of 

N  E  W  W  A  committee.    32-42,  disc  42-44,  V  2  No  i  Sept  87;  9,  10, 

V  5  No  1  Sept  90;  39-43,  disc  43-47,  V  6    No  i  Sept  91. 
Collection  of: 

Chace,  G.  F.      Friction  in  collecting  meter  rates.     44-50,  V  4  No  i 

Sept  8g. 

A  rumpus  in  collecting  meter  rates,  and  causes  and  consequences, 
Taunton,  Mass.    230-237,  disc  238,  239,  V  14  No  3  Mar  00. 
Chase,  J.  C.     A  little  talk  about  Avater  rates.     174-179,  V  17  No  2 

June  03. 
Coffin,  F.  C.      Financial  consideration  and  adjustment  of.    Tables. 

71-81,  V  II   No  I  Sept  96. 
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Crandall,   F.   H.     Methods  of  assessment   and  collection   of  water 

rates.    133-143,  disc  143-150,  V  14  No  2  Dec  99. 
Hathaway,  J.  H.     Methods  of  collecting  water  rates.     68.  69,  disc 

69-71,  V  2  No  I  Sept  87. 
HoLDEX,  H.  G.      Inequalities  in.    213-215,  disc  215-218,  V  4    No  4 

June  90. 
Knapp,  L.  H.     Collection  of  rates  from  city  departments,  Buffalo, 

NY.    211,  212,  V  14  No  3  Mar  00. 
"Water  service  and  fire  protection  in  theatres.     Gerhard,  W.  P.     77-92. 

V  9  No  2  Dec  04. 

Water  stealing:  Experiences  of.   Kimball,  G.  A.    1 8 7-1 90,  V4  No  4  June  90. 
Water  suppUes. 

Babcock,  S.   E.     Aeration  by  natural  canals  and  low  dams.     35-43. 

disc  43,  44,  V  3  No  I  Sept  88. 
Brackett,    D.     At    Boston    fire,    28    Nov    89.      Map.      182-185,    disc 

186,  187,  V  4  No  4  Jtme  90. 
Burlington,  Vt.     Sedgwick,  Prof  W.  T.    167-183,  V  10  No  3  Mar  96. 
Gate,  E.  W.,  and  others.     Applications  for  —  refusal  —  and  taxation: 

disc.    32.  33,  V  I  No  I  Sept  86. 
Chace,  G.   F.      Eternal  vigilance  the  price  of  good  water.      147-150, 

V  9  No  3  Mar  94. 

Sixteen-inch  direct  river  pipe  and  effect  on  supply.     1 79-181,  V  6 
No  4  June  92. 
European.    Hazex.  Allen.    109-1  2  i,  disc  122-124,  V  9  No  2  Dec  94 
FitzGerald,  D.     Amount  of  rainfall  available  for.    41-48,  disc  48-54, 

V  I  No  I  Sept  86. 

Forbes,  F.  F.      Driven  wells  as  source  of  supph".     141,  142,  disc  142- 

144,  V  5  No  3  Mar  91. 
Freemax,  J.  R.      For  fires.    49-77,  clisc  77-81,  V  7  No  i  Sept  92;  disc 

152-164,  V  7  No  3  Mar  93. 
GooDNOUGH,  X.  H.      Public,  Systematic  examination  of.     65-78,  disc 

78-81,  V  14  No  I  Sept  99. 
Hall,   Hon  J.   O.      Duties  of  municipalities  regarding  water  supply. 

9-17,  disc  17-20,  V  17  No  I  Mar  03. 

Reciprocal  obligations  of  management  and  the  community.     338- 
348,  V  17  No  4  Dec  03. 
Haskell,  J.   C.      Pure  water  from  a  surface  supply.      137-144,   disc 

144-155,  V  II  No  2  Dec  96. 

For  fires,  47,  48,  V  7  No  i  Sept  92. 
Hawes.  L.  E.      Utilizing  a  spring.      156-17 1,  V  11  No  2  Dec  96. 
Hazex,  Allex.     Lakes   as  sources   of   supply.     163-166,   V    10  No  3 

Mar   96. 
In  adjoining  towns:  legality  of  supplying  questioned.      197,   198,  V9 

No  4  June  95. 
Jackson,  J.  F.     Relation  of  great  ponds  to  stipplies.     203-208,  V  3 

No  4  June  89. 
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KiERSTED,  W.     For  small  western  cities.     83-90,  V  5  No  2  Dec  00. 
Lynn,  Mass.    Haskell,  J.  C.     55-63,  disc  63,  64,  V  10  No  i  Sept  95. 

Mass  surface  water  supplies.    79-84,  V  13  No  2  Dec  98. 
Mass    Metropolitan.      Noyes,    A.    F.      Diags.      1 17-129,    V    10     No    2 

Dec  95. 
Mills,  H.   F.     Typhoid  fever  and.     Tables.      149-156,  disc   156-160, 

V  5  No  4  June  9 1 . 

Nashua,  N  H.     Holden,  H.  G.   Ills.   249-255,  V  16  No  4  Dec  02. 

New  Bedford,  Mass.     Wood,  Edmund.    Diags  and  ills.    202-219,  disc 

219-225,  V  II  No  3  Mar  97. 
New   Orleans,    La.     Weston,    R.    S.      157-171,    disc    171-173,    V    17 

No  2  June  03. 
Niles,  Prof  W.  H.     As  affected  by  variations  in  climate  and  weather. 

74,  75,  disc  75-78,  V  5  No  2  Dec  00. 
Noyes,  A.  F.     From  driven  wells.      19-26,  V  i  No  4  June  87. 
Provincetown,  Mass.     Hawes,  L.   E.     Map.      285-290,  disc   291-293, 

V  II  No  4  June  97. 

Salem,  Mass.    M^enham  lake  water  supply.    Hurley,   John.    272,273, 

V  II  No  3  Mar  97. 

Sedgwick,  Prof  W.  T.   Organisms  causing  unpleasant  odors  and  tastes. 

54-64,  V  14  No  I  Sept  99. 
Stearns,   F.   P.      Sotirces,  Selection  of.      Diags  and  tables.      102-127, 

disc  128-138,  V  6  No  3  Mar  92. 
Swain,  Prof  G.  F.      Influence  of  forests  upon  rainfall,  etc.     11-26,  V  i 

No  3  Mar  87. 
Vermont.    Moat,  C.  P.    Analytic  tables.    514-521,  V  15  No  6  Dec  01. 
Waltham,  Mass.  Winslow,  G.  E.      i  18-120,  V  8  No  3  Mar  94. 
Water  tank,  Fall  River,  Mass.    Kieran,  Patrick.    26,  27,  disc  27-32, 

V  2  No  I  Sept  87. 

Water  towers.     See  Standpipes  and  Elevated  Tanks. 

Water  tube  boilers  v  horizontal   tubular  boilers.      Reynolds,   I.    H. 

Disc.    200-202.  V  13  No  3  Mar  99. 
Water  used  in  back  filling  trenches.    Hammatt,  E.  A.  W.,  and  others. 

168-170,  V  12  No  3  Mar  98. 
Whipple,  G.  C,  and  Jackson,  D.  D.     Asterionella  in,  and  effect  on. 
Diags.    1-23,  disc  23-25,  V  14  No  i  Sept  99. 
Water  supply,  Metropolitan.     Noyes,  A.    F.     Nashua  river    watershed 

and  reservoir.    Map  and  diags.    11 7-1 29,  V  10  No  2  Dec  95. 
Water  waste.     Sec  Waste  of  water,  al.so  Leakage. 
Water  works. 
Boston. 

Brackett,    D.      Cleaning    main,    1886-87.     341-344,    V    13    No    4 

June  99. 
Learned,  W.   F.    'Ashland  basin.  No  4,  etc.      3-8,  disc  8-1 1,   V   2 
No  2   Dec  87. 
Buffalo,  N  Y.    Knaim',  L.  II.    Ills.    206-2  1  2,  V  14  No  3  Mar  00. 
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Burlington,  Vt.    Crandall,  F.  PI.    Map  and  ills.    150-1  59,  disc  159-166, 

V  10  No  3  Mar  96. 

Parker,  F.  H.     Hjgh  service  motor.     63-66,  disc  66-68,  V  2  No  i 
Sept  87. 
Cambridge,  Mass.     Hastings,  L.  M.     Diags  and  ills.     121-132,  disc 

132-136,  V  II  No  2  Dec  96. 
Cohasset,  Mass.     Tower,  D.  N.      189-193,  disc   193,   194,  V   12   No  3 

Mar  98. 
Fairhaven,  Mass.    Nye,  J.  K.    Diags.    175-180,  disc  1S0-182 ,  V  8    No  4 

June  94. 
Flushing,  N  Y.    Roullier,  G.  A.    Advisability  of  meters.    56-58,  disc 

59-65,  V  5  No  I  Sept  90. 
Franklin,  N  H.  Fuller,  F.  L.     Diags.   82-87,  V  7  No  i  Sept  92. 
Glasgow,  Scotland.     Gale,  J.  M.    Tables.    240-251,  V  14  No  3  Mar  00. 
Lawrence,  Mass.      Mills,  H.F.    Filter  and  results.     44-55,  disc  56,  57, 

V  9  No  I  Sept  94. 

Rogers,  H.  W.     6-9,  V  i  No  2  Dec  86. 
Lowell,  Mass.     Holden,  H.  G.      73-So,  trans  85. 
Manchester,  N  H.   Walker,  C.  K.    66-68,  V  10  No  i  Sept  95;  341-343. 

V  II  No  4  June  97. 

Marlborough,  Mass.    Stacy,  G.  A.    Ills.     139-150,  V  16  No  2  June  02. 
Metropolitan. 

Brackett,  D.    Pipes.    325-332,  V  13  No  4  June  99. 

Howard,  J.  L.    Middlesex  Fells  reservoir.    20-32,  V  15  No  i  Sept  00. 

Locke,  W.  W.   Sanitary  inspection.   483-492,  V  15  No  6  Dec  01. 

Olmsted,  F.  L.    Landscape  problems  in   Middlesex   Fells.    272-287, 
V  15  No  3  Mar  01. 

Sando,  W.  J.    Pvimping  machinery.    299-304,  V  15  No  4  June  01. 
Trial  of  thirty-million-gallon  pumping  engine.    232-243,  V  i  5  No  3 
Mar  01. 

Saville,    C.    M.      Reservoir    and    standpipe    construction     (Forbes 
hill).    177—222,  V  16  No  3  Sept  02. 

Visit  of  N  E  W  W  A,  12  Sept  02.    394-398,  V  16  No  4  Sept  02. 
Milford,  Mass.   Northrop,  F.  L.    262-264,  V  10  No  4  June  96. 
Montreal.   Janin,  George.    History,  etc.    272-283,  V  17  No  3  Sept  03 ; 

disc  378-382,  V  17  No  4  Dec  03. 

Lesage,  T.  W.      Service  boxes.    284-287,  V  17  No  3  Sept  03. 
Nantucket,  Mass.     Wannacomet.     Codd,  W.  F.      i 71-174.  V  8  No  4 

June  94. 

Connecting  lead  services.    187,  188,  V  9  No  3  Mar  95. 
New  Bedford.    Coggeshall,  R.  C.  P.    Temporary  dam.    200,  201,  V  3 

No  4  June  89. 

Wood,  Edmund.    202-219,  disc  219-225,  V  11  No  3  Mar  97. 
New  Haven,  Conn.    Taylor,    L.    A.    Woodbridge   dam.     51-56,   V   6 

No  I  Sept  91. 
New^  London,  Conn.   Richards,  W.  H.    148-151,  V  7  No  3  Mar  93. 
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New  Orleans,  La.    Weston,  R.  S.     i  57-171,  disc  1 71-173,  V  17  No  2 

June  03. 
Newark,  N  J,  East  Jersey  Water  Co.    Herschel,  C.    Diags.  and  tables. 

18-39,  V  8  No  I  Sept  93. 
Newport,  N  H.  Taylor,  L.  A.   145-149,  disc  149-152,  V  12  No  3  Mar  98. 
Newton,  Mass.    Hyde,  H,  N.    Flushing  mains.    81,  trans  85. 
Portsmouth,  N  H.   Ayers,  J.  O.   67-69,  disc  69,  70,  V  13  No  i  Sept  98. 
Quincy,  Mass.  Taylor,  L.  A.   Dam.    167-174,  V  3  No  4  June  89. 
Reading,  Mass.    Bancroft,  L.  M.    294-300,  V  11  No  4  June  97. 
Richmond,  Va.    Bolling,  C.  E     39-43,  disc  43,  44,  V  4  No  i  Sept  89. 
Rochester,  N  Y.    Kuichling,  E.    138-143,  V  13  No  2  Dec  98. 
St  John,  NB.   MuRDOCK,  W.    147-151,  V  13  No  2  Dec  98. 

Cleaning  a  main.   333-341 .  disc  341-344,  V  13  No  4  Jime  99. 

Wooden  joints.    34-37,  V  15  No  i  Sept  00. 
St  Louis,  Mo.    Dean,  F.  W.    172-194,  V  1 1  No  2  Dec  96. 
Syracuse,  N  Y.    Hill,  W.  R.    Laying  pipe  in   Skaneateles  lake.    40-45, 

V  8  No  I  Sept  93. 

Taunton,  Mass.  Billings,  W.  R.  Street  main  flushing.  85-87,  trans  85. 
Waltham,  Mass.    Johnson,  F.  P.    Diags.     120-122,  disc  122-129,  V  8 

No  3  Mar  94 
Wai-e,  Mass.   Fuller,  F.  L.   49-62,  disc  62,  63,  V  2  No  i  Sept  87. 
Waterbury,  Conn.    Whitlock,  F.  W.    Gravity  system.    80,  V  5  No  2 

Dec  90. 
Webster,  Mass.    Fuller,  F.  L.    Tables  and  plan.    240-247,  V  9  No  4 

June  95. 
Woonsocket,  R  L   Cook,  B.  I.   20-26,  disc  27-35,  V  12  No  i  Sept  97. 
Water-works    construction,  etc. 

Babcock,  S.  E.    Use  of  safety  valves  in.    57-63,  V  3  No  i  Sept  88. 
GowiNG,  E.  H.     Standard  specifications.     168-171,  disc  171-178,  V  6 

No  4  June  92. 
Hill,  W.  R.   Things  to  be  done  in  construction  of  distributing  systems. 

36-39,  disc  40-48,  V  13  No  I  Sept  98. 
KiNGSLEY,  C.  W.    Construction  and  maintenance.     127-133,  V  3  No  3 

Mar  89. 
Williams,  G.  S.   Design  of  distribution  systems     97-101,  disc  101-115, 

V  14  No  2  Dec  99. 
Water-works    management. 

Allis,  S.  M.    Econoiny  in.    161-163,  V  6  No  4  June  92. 

Coffin,  F.  C.      Financial  management:  statistics  and  diagrams.     63- 

86,  disc  87-98,  V  II  No  I  Sept  96. 
Darling,  Edwin.    Practical  details  of.     7-11,  disc    11-18,  V  2    No    i 

Sept  87. 
Water  works,  Municipal. 

Hall,  F.  E.,  and  others.     Public  and  private:  disc.     17-24,  V  4  No  i 

Sejit    89. 
Matthews,  Nathan.     Municipal  ownershiji.     1-5,  V  9  No  i  Sept  94. 
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Tubes,  J.  N.    Reasons  why  motor  power  should  not  be  furnished  from. 
152-155.  V  6  No  4  June  92. 
Water-works    records.    Glover,  A.  S.    Records.    69-79,  V  4  No  2  Dec  89. 
Water-works  reports.      Billings,  W.   R.,  and  Coggeshall,    R.    C.    P 
Uniformity  in  preparation:  suggested  by  N  E  W  W  A.      1 18-140 
disc   141-148,  trans  85;  66-73,  trans  84. 
Water-works  statistics.     See  Statistics  of  Water-works. 
Waterphone,  Bell,  for  detection  of  leakage.     Users'  experiences.     73-75 

trans   84. 
Watersheds. 

FitzGerald,  D.    Sudbury  and  Cochituate,  capacity  in  drought.    12-21, 

tables    22-32,  V  2  No  2  Dec  87. 
Larxed,  E.  S.     Improvement,  by  drainage  of  swamps.     Ills.     36-44, 

disc  44-50,  V  16  No  I  Mar  02. 
MiDDLETOX,  R.  E.     Areas  and  sanitary  districts  coterminous.    1 19-129, 
disc  129-137,  V  13  No  2  Dec  98. 
Watertown,  Mass.     Crafts,  N.  H.      Report  on  cast-iron  pipe.     175-196, 

V  3  No  4  June  89. 

Weather  and  climate  variations  as  affecting  water  supply.     Niles,  Prof 

W.  H.      74,  75,  disc  75-78,  V  5  No  2  Dec  90. 
Webster  Water  Works,  Mass.     Fuller,  F.  L.    240-247,  V  9  No  4  June  95. 
Weights  of  Boston  gas  mains.     Gould,   J.  A.     Tables,    no,  V  16   No    2 

June  02. 
Weights  of  cast-iron  pipes. 

Metcalf.  Leoxard.     Variation  diagram.     116,  117,  tables  A    B     122, 

123.  V  16  No  2  Jtme  02.     NEWWAtables.     343,  V  16  No  4  Dec  02. 
XoYEs.  A.  F.      28-51,  diags.      154-159,  trans  85. 
Weisbach,  curved  pipe  experiments.      114,  V  14  No  2  Dec  99. 
Weld,  F.  Floyd.      Died  28  Jtme  90.      Obituary  64,  V  6  No  i  Sept  91. 
Well   covering  and  basin  at   Waltham  Water  Works,  Mass.     Johnson, 

F.    P.    120-122,  disc  123-129,  V  8  No  3  Mar  94. 
Wellesley  covered  reservoir.     Coffin,  F,  C.     255-261,     diag  after    284, 

V  14  No  3  Mar  00. 

Wells,  George  L.      Improved  Wyckoff  water  pipe.      Ills.      288-303,  V  13 

No  4  June  99. 
Wells,  Hon  Henry  J.    Remarks  at  dinner  of  Amer  W  W  A  and  N  E  W  W  A, 

21  Apr  85.      211,  212,  trans  85. 
Wells  light  for  night  work  and  melting  lead  joints.     Gardner,   E.   P. 

168-170.  V  7  No  3  Mar  93. 
Wells. 

Artesian.     Chace,  G.  F.     Tavmton  experience.    222,  223,  disc  223,  224, 

V  4  No  4  June  90. 

Collecting.      Fuller,  F.   L.     Waltham,  Mass.      Diag.      183,   184,  V  6 

No  4  June  92. 
Driven . 

Ball,  P.    Use  in  various  soils.    29-32,  disc  ^;i.  34,  V  3  No  i  Sept  88. 
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Bowers,  George.    Underground  water.    127-132,  disc  132-137,  V  17 

No  2  June  03. 
DoANE,  A.  O.    133,  134,  V  17  No  2  June  03. 

Forbes,  F.  F.     As  a  source  of  water  supply.      141,  142,  disc  142,  144 
V  5  No  3  Mar  91. 

Brookline,  Mass.    195-199,  disc  199-201,  V  11  No  3  Mar  97. 
NoYES,  A.  F.      19-26,  V  I  No  4  June  87. 
TiDD,  M.  M.      Experience  with.      79-81,  V  i  No  i  Sept  86. 
Tower,  D.  N.      Brookline  system.      193,  194,  V  12  No  3  Mar  98. 
Tube. 

Bowers,  George.      Lowell,  Mass.      Experiences.     67-76,  V  9  No  2 
Dec   94. 

Result  of  experiment.     30-33,  disc  33-35,  V  13  No  i  Sept  98. 
Second  plant.      226-229,  V  10  No  4  June  96. 
Boyce,  W.   C.      Reliability  of  tests  for    water    supply    (Ivingston, 
Mass).      26-28,  V  3  No  I  Sept  88. 
Wenham  lake  water  supply  for  Salem,  Mass.     Hurley,  John.     272-274, 

V  II   No  3   Mar  97. 
West  Los  Angeles  Water  Co.    Adams,  A.   L.     Astoria  gravity  pipe  line. 

253,  V  13  No  4  June  99. 
Weston,  Edmund  B. 

Mechanical  filtration  of  water.      Diags.      333-353,  disc  353-362,  V   14 

No  4  June  00. 
Providence,  R  I,  separate  high  pressure  fire  service  system.      Diags. 

85-90,  disc  91-93,  V  13  No  2  Dec  98. 
Providence,  R  I,  street  main  flushing.      Diag.      87,  88,  trans  85. 
Weston,  Robert  Spurr. 

Cristatella  in  storage  reservoir  at  Henderson,  N  C.      Map  and  diags. 

20-26,  disc  27-29,  V  13  No  I  Sept  98. 
Filter  plants,  New  Albany,  Ind,  and  Loviisville,  Ky.     15-18,  V  13  No  i 

Sept  98. 
Turbidity  determinations  in  New  Orleans.      27-31,  V  17  No  i  Mar  03. 
Water  svxpply  of  New  Orleans  and  its  improvement.      157-17 1,  disc 
1 71-173,  V  17  No  2  June  03. 
What  a  water  supply  engineer  can  do.     Tryon,  James.      93-102,  V  9 

No  2  Dec  94. 
What  we  don't  know  about  fuel.     Atkinson,  Edward.      180-195,  disc 

195-200,  V  17  No  2  June  03. 
Wheeler,  William.     Ashland,  Wis,  covered  sand  filter.     Diag  and  tables. 

301-327,  disc  327-329,  V  II  No  4  June  97. 
Whidden,  Hosea  F.     Died  31  Jan  88.     Obituary  36,  V  2  No  3  Mar  88. 
Whipple,  George  C. 

Growth  of  organism  in  Boston  water  pipes.      Diags  and  tables.      1-17, 

disc  17-19,  V  12  No  I  Sept  97. 
Microscopy  of  drinking  water.      59-62,  V  14  No  i  Sept  99:  reviewed  by 
Prof  Sedgwick. 
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Raphidomonas  (infusorian)  in  Lynn  water.      111.    34^-357.  V  1 1  No  4 

June  97. 
Relation  of  light  to  the  growth  of  diatoms.      Diags  and  tables.      1-24, 

disc  25,  26,  V  II  No  I  Sept  96. 
Temperature  of  surface  waters  and  its  eflfect  on   growth  of  micro- 
organisms.     202-216,  disc  216-222,  V  9  No  4  June  95. 
Thermophone.     Diag.     215-222.  V  9  No  4  June  95. 
Whipple,  George  C,  and  Jackson,  D.  D.    Asterionella;  its  biology,  chem- 
istry and  efifect  on  water  supplies.      Diags.      1-23,  disc  23-25,  V  14 
No  I  Sept  99. 
Whitlock,  Frank  W.     Gravity  system  of  Waterbury,  Conn.    80,  V  5  No  2 

Dec  90. 
Whitney,  John  C. 

Advisability  of  use  of  water  meters:  disc.    21,  V  6  No  i  Sept  91. 
Care  of  a  water  meter.      106,  107,  disc  107,  108  V  9  No  2  Dec  94. 
Pits  in  block  tin  service  pipes.    88,  V  6  No  2  Dec  91. 
Report  of  N  E  W  W  A  committee  on   classification   of   rates.    39-43, 

disc,  43-47,  V  6  No  I  Sept  91. 
Testing  of  water  meters:  disc.   86,  87,  V  3  No  2  Dec  88. 
Whittemore,  W.  P.     High  water  alarm  for  reservoirs  and  tanks:     Diag. 

21-23,  disc  23-25,  V  3  No  I  Sept  88. 
Why  I  favor  use  of  cement  pipe.     Crilly,  P.  F.      50-52,  disc  53-56,  V  5 

No  I  Sept  90. 
Wilcox,  William  C.      Uniformity  in  water-works  reports:  disc.     141-143, 

trans    85. 
Wilder,  Frederick  W.     Private  water- works:  disc.     22,  V  4  No  i  Sept  89. 
Williams,  Gardner  S. 

Design  of  water-works  distribution  systems.      97-101,   disc    101-115, 

V  14  No  2  Dec  99. 

Electrolysis  of  pipes  by  trolley  system  (Detroit).     44,  45,  V  10    No    i 

Sept  95. 
Meter  regisi nation:  disc.      100-107,  V  10  No  2  Dec  95. 
Willimantic  Water  Works,  Conn.     Fanning,  J.  T.     Horizontal  turbines 

and  pumps.      111.      40,  V  i  No  i  Sept  86. 
Winchester  Water  Works,  Mass.     Coffin,  F.  C.     Oil    pumping   engine. 

212-214.  V  13  No  3  Mar  99. 
Winship,  Horace  B.      Died  8  Nov  99.     Obituary  193,  V  14  No  2  Dec  99; 

200,  V  15  No  2  Dec  00 
Winslow,   Charles-Edward  Amory. 

Bacteriological  analysis  of  water.     459-477,  disc  477-482,  V  15  No  6 

Dec  01. 
Typhoid  epidemic  in  Ithaca,  N  Y,  and  Lawrence.  Mass.  etc.     1 71-173, 

V  17  No  2  June  03. 
Winslow,  George  E. 

Back  filling  trenches.      173,  V  6  No  4  June  93. 
Depth  of  lead  in  pipe  joints.      25,  26,  V  5  No  i  Sept  90. 
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Effect  of  water  hammer  on  ceinent-lined  pipe.    i9i-i94,disc  194-196, 

V  4  No  4  June  90. 

Electrolysis  of  water  pipes.     39,  40,  V  9  No  i  Sept  94;  42-45,  V  10 

No  I  Sept  95. 
Frozen  hydrants.      12,  V  4  No  i  Sept  89;  163,  V  6  No  4  June  92. 
Hose  outlets  on  hydrants.     26,  27,  V  5  No  i  Sept  90. 
Hydrant  sizes.     94,  95,  V  2  No  i  Sept  87. 

Service  pipes.    21,  V  2  No  i  Sept  87.     Lead.     25,  26,  V  6  No  i  Sept  91. 
Sizes  of  main  pipes.      19,  V  5  No  i  Sept  90. 
Use  of  air  in  pressure  gages.      248,  V  9  No  4  June  95. 
Use  of  water  in  back  filling  trenches.    167-169,  V  12  No  3  Mar  98. 
Waltham,  Mass,  water  supply,      1 18-120,  V  8  No  3  Mar  94. 
Water  ram  (Waltham,  Mass).  493-498,  disc  498,  499,  V  15  No  6   Dec  01, 
Wiped  and  cup  joints:  comparative  value.     Billings,  W.  R.,  and  others. 

Disc.    71,  72,  V  1  No  I  Sept  86. 
Wood,  Edmund.      Further  water  supply  of  New  Bedford,  Mass.      Diags, 

ills.    202-219,  disc  219-225,  V  II  No  3  Mar  97. 
Wood  pipe. 

Adams,  A.  L.     Stave  pipe.    Diags  and  ills.   247-287,  V  13  No  4  June  99. 
Garrett,  Jesse.    History  and  ill.    32-36,  V  11  No  i  Sept  96. 
Hall,  F.  E.      Merits  of  variovis  kinds  of  main.    108,  trans  85. 
Woodbridge,  Conn,  dam  of  New  Haven  Water  Works.     Taylor,   L    A 

Diag.    51-56,  V  6  No  i  Sept  91. 
Woodbury,  Governor  of  Vermont.     Address  to  N  E  W  W  A,  11  Sept  95, 

Burlington,  Vt.    3,  4,  V  10  No  i  Sept  95. 
Wooden   joints   in    cast-iron   water   mains.     Murdock,     William.      (St 

John.NB.)     34-37,  V  15  No  I  Sept  00. 
Woolen  mill  wastes  polluting  streams.     Clark,  H,   W.     502-506,  V  15 

No  6  Dec  01. 
Woonsacket  Water  Works,  R  I. 

Cook,   B.    I.      Reservoir  and   dam   No   3       Diag.      20-26,   disc   27-35, 
V   12   No   1   Sept  97. 
Standpipes.      124-126,  disc  127-132,  V  14  No  a  Dec  99. 
Woonsocket  service  box.      111.      308,  V  15  No  4  June  01. 
Taylor,  L.  A.,  and  others.      150,  151  ,  V  12  No  3  Mar  98. 
Worcester  distributing  reservoir   and   dam.     Hassam,   W.    E.      153-159. 

V  12  No  3  Mar  98. 

Worms    tile    filter,    Pittsburg,    Pa.     Knowles,    Morris.     111.      176-178, 

V  15  No  2  Dec  00. 

Worthington,  Charles  C.  Latest  designs  in  Worthington  pumping  ma- 
chinery.     Ills.      229-241,  V   13  No  3  Mar  99. 

Worthington  high-duty  pumping  engine.     111.     96,  V  8  No  2  Dec  93. 

Wrought-iron  gas  pipe.  Bkownell,  E.  E.  Electrolytic  effect  on.  111. 
370,  V  14  No  4  June  00. 

Wrought-iron  pipe  for  driven  wells.  Forbes,  F.  F.  Brooklinc,  Mass. 
199,  V   II   No  3  Mar  97. 
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Wrought-iron  pipe  main:  repairs  on.     Tilden,  J.   A,.     202,   V  3    No   4 

June    <Sq. 
Wyckoff   improved   water   pipe.     Wells,    G.    L.     Ills.     288-303,    V    13 

No  4  June  99. 

Y  branches  for  pipes. 

Brackett,   Dexter.      Diags  and  dimensions.    Plate   VIII.      78,    V    8 

No  2  Dec  93. 
NEW  W  A  Com  on  cast-iron  pipe.  Tables.    85,  86,  V  17  No  i  Mar  03. 
Yates,  Richard  R.      Died  10  Sept  96.      Obituary  72,  V  12  No  i  Sept  97. 
Young,  Dr  Thomas.  (1808)  Curved  pipe  experiments,  based  on  Du  Buat's. 
113,  V  14  No  2  Dec  99. 

Zurich,  Switzerland.     Sedgwick,   Prof  W.   T.     Sand  filters.      115.   116, 
V  7  No  2  Dec  92. 
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